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FUZZY INVESTMENT ANALYSIS AND SOME APPLICATIONS 
SUMMARY 
A world of complete and absolute certainty is always ideal for planning and decision 
making. However in real world, it’s just not so due to uncertainty. Uncertainty can be 
defined as something that is not known either because it occurs in the future or has 
an impact that is unknown. It arises because of incomplete information such as 
disagreement between information sources, ambiguity, imprecision, or simply 
missing information. So when managers are about to making a capital expenditure, 
they should be aware of uncertainty and act according to existence of it. 
Capital expenditures involve large cash outlays with major implications on the future 
values of the firm. So when a capital expenditure is done, it is usually difficult to 
back out. Therefore managers should analyze and evaluate the investment 
alternatives well. Most used techniques for analyzing and evaluating investments is 
capital budgeting techniques. However these techniques do not consider the 
uncertainty. 
There are some other techniques which consider risk, consequences of taking action 
under uncertainty. However these techniques, named risk analysis methods, are not 
so easy to use. To analyze the investments according to probabilitstic techniques, 
probabilities of each data should be known. And determining exact probabilites 
needs lots of knowledge. So these probabilistic based methods, using probabilities to 
take risk into account, are not adequate in every situation. 
Nowadays, to take uncertainty into account, another approach is began to used. This 
popular approach is named as possibilistic approach, or more generally fuzzy logic. 
Fuzzy logic, which was emerged as a consequence of the development of the theory 
of fuzzy sets by Lotfi Zadeh  in 1965, extends Aristotle’s classical logic by allowing 
intermediate values to be defined between conventional evaluations like true/false, 
yes/no, right/wrong, etc. 
In this study, in order to take uncertainty into account, all of the capital budgeting 
techniques are fuzzified with using fuzzy cash inflows, fuzzy cash outflows, fuzzy 
discount rates and crisp useful lives. Then, assuming that firms reinvest their money 
into other alternative projects at a reinvestment rate which is higher than cost of 
capital, a fuzzy modified internal rate of return is proposed. Later, two wind farm 
projects in two different location in Turkey are analyzed and evaluated according to 
both crisp and fuzzy capital budgeting techniques. 
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BULANIK YATIRIM ANALĐZĐ VE BĐRKAÇ UYGULAMA ÖRNEĞĐ 
ÖZET 
Tam ve kesin bir belirlilik ortamı, plan yapma ve karar verme için idealdir. Fakat 
gerçek hayatta, bu asla böyle olmamaktadır. Belirsizlik, gelecekte oluşacağından 
veya bilinmeyen bir etkisi olacağından dolayı bilinmeyendir. Belirsizliğin ortaya 
çıkma sebepleri; bilgi kaynakları arasındaki anlaşmazlıklar, karışıklık, net olmamak, 
kesin olmamak ya da kısaca bazı bilgilerin kayıp olmasından kaynaklanmaktadır. Bu 
sebeple özellikle yatırım harcamaları yapma arifesinde olan yöneticiler, belirsizliğin 
farkında olmalı ve buna göre hareket etmelidirler. 
Yatırım harcamaları, firmaların gelecekteki değerlerini önemli ölçüde etkileyecek 
olan büyük miktardaki nakit çıkışlarına sebep olmaktadırlar. Ayrıca bir yatırım 
harcaması yapıldığında çoğunlukla yatırımın iptal edilmesi ve paranın geri alınması 
oldukça zordur. Dolayısıyla yöneticiler yatırımları oldukça iyi analiz etmeli ve 
değerlendirmelidirler. Yatırımların analizleri ve değerlendirilmeleri için en çok 
kullanılan yöntem ise sermaye bütçeleme teknikleridir. Fakat bu teknikler belirsizliği 
dikkate almazlar. 
Sermaye bütçeleme teknikleri dışında, belirsizlik ortamında adım atmanın sonucu 
olan riski dikkate alan başka teknikler de mevcuttur. Risk analiz yöntemleri olarak 
adlandırılan bu yöntemleri kullanmak kolay değildir. Yatırımları olasılıksal teknikleri 
kullanarak analiz etmek için her verinin olasılık dağılımının tam olarak bilinmesi 
gerekmektedir. Bu olasılık dağılımlarını belirlemek ise oldukça fazla bilgiye ihtiyaç 
vardır. Dolayısıyla olasılık dağılımlarını dikkate alarak riski hesaba katan bu 
yöntemlerin kullanımı da her koşulda uygun olmamaktadır. 
Günümüzde, belirsizliği hesaba katan, başka bir yaklaşım kullanılmaya başlanmıştır. 
Bu populer yaklaşım olabilirlik yaklaşımı veya daha genel olarak bulanık mantık 
olarak adlandırılmaktadır. Bulanık mantık Lotfi Zadeh’in 1965’de gelirştirdiği 
bulanık küme teorisinin geliştirilmesi sonucunda ortaya çıkmıştır. Bulanık mantık 
Aristo’nun klasik mantık kuramındaki doğru/yanlış, evet/hayır, haklı/haksız gibi 
klasik değerlerin arasında tanımlanacak ara değerler yaratılmasına izin vermektedir. 
Bu çalışmada, belirsizliği hesaba katabilmek adına, bulanıklaştırılmış nakit girişleri, 
nakit çıkışları ve iskonto oranları kullanılarak tüm sermaye bütçeleme teknikleri 
bulanıklaştırılmışdır. Daha sonra firmaların yatırımlardan elde ettikleri nakit 
girişlerini, farklı projelerde sermaye maliyetinden daha yüksek bir yeniden yatırma 
oranıyla değerlendirdikleri koşulunu kabul ederek, yeni bir bulanık modifiye edilmiş 
iç verim oranı önerilmiştir. Daha sonra ise, Türkiye’nin farklı iki bölgesinde rüzgar 
enerjisi santrali yapma projeleri, hem klasik sermaye bütçeleme teknikleri 
kullanılarak hem de bulanık sermaye bütçeleme teknikleri kullanılarak analiz edilip 
karşılaştırılmıştır. 
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1.  INTRODUCTION 
Today’s effects of globalization are quite in everywhere. The rapid changes in 
everything, makes it a must to know the definition of uncertainty. Uncertainty can be 
defined as something that is not known either because it occurs in the future or has 
an impact that is unknown. Uncertainty arises because of incomplete information 
such as disagreement between information sources, imprecision, ambiguity, or 
simply missing information.  
A world of complete and absolute certainty is always ideal for planning and decision-
making. If all outcomes of every step are completely certain, then management easily 
plan and decide whether the project is good or not. But this situation is only a utopia. 
Because of the rapid changes in everything, it is impossible to know everything. So 
in real world managers should be aware of uncertainty and act according to the 
existence of it. 
Once a capital expenditure is made, then it is usually very difficult to back out. So 
before making a long-term investment decision, managers should analyze and 
evaluate the alternatives well. The widely used methods for evaluating long term 
investments are capital budgeting techniques. Net present value, internal return rate, 
and payback period are the most used capital budgeting techniques. However all the 
capital budgeting techniques are inadequate. Because, neither of them considers the 
uncertainty.  
Additional to capital budgeting techniques there are some other investment analyzing 
and evaluation methods which can briefly be defined as risky investment analysis 
methods. They are, due to considering the risk, cut above the capital budgeting 
techniques. However, risk is not the same as uncertainty. Uncertainty is thought as 
the manifestation of unknown consequences of change and risk as the consequence 
of taking an action in the presence of uncertainty. Uncertainty refers to contexts in 
which quanitifable probabilites are not known while risk denotes broadly 
quantifiable probabilites. So simply in risky analysis methods definite probabilities 
must be known.  
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Real world decision making involves a continuum, with one end reflecting a high 
degree of confidence in probability estimates of net cash flows and cost of capitals 
and the other end reflecting a low degree of confidence. So risk analysis methods 
sometimes can be inadequate. In this study, after the definition of classical capital 
budgeting techniques and brief definition of risky investment analysis techniques, in 
order to provide a more appropriate tool of incorporating uncertainty, the most 
important fuzzy capital budgeting techniques, fuzzy discounted payback period, 
fuzzy net present value, fuzzy equivalent annual worth, fuzzy benefit cost ratio, 
fuzzy internal rate of return, and fuzzy modified internal rate of return are studied. 
Then a fuzzy modified internal rate of return in which both cost of capital and 
reinvestment rates are fuzzy numbers is proposed. Later it is tried to explained with 
an example of selection among the 4CNCs with non-real data. After that, using both 
crisp and fuzzy capital budgeting techniques, two wind farm projects in two different 
locations in Turkey is evaluated and compared to each other. 
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2. INVESTMENT ANALYSIS 
2.1 Capital Budgeting 
Whenever we make an expenditure that generates a cash flow benefit for more than 
one year, this is a capital expenditure. The purchase of new equipment, expansion of 
production facilities, buying another company, acquiring new technologies, 
launching a research & development program, expanding into a new market, etc... 
can be an example for capital expenditure. Capital expenditures often involve large 
cash outlays with major implications on the future values of the company. Moreover, 
once we commit to making a capital expenditure it is sometimes difficult to backout. 
Therefore, we need to carefully analyze and evaluate the alternatives. To do so, to 
help management work towards the goal of shareholder wealth maximization, capital 
budgeting can be a helpful tool to use. The capital budget is an outline of planned 
expenditures on fixed assets, and capital budgeting is the whole process of analyzing 
projects and deciding whether they should be included in the capital budget [1]. In 
other words, capital budgeting is investment decision-making as to whether a project 
is worth undertaking, and it is basically concerned with the justification of capital 
expenditures. 
Capital budgeting relates to planning for the best selection and financing of long term 
investment proposal [2]. Also, it appears the views of academics and senior financial 
managers of Fortune 1000 companies on basic capital budgeting techniques are in 
stronger agreement than ever before [5]. Once the cash flows and cost of capitals of 
different alternatives are recognized and determined, several techniques can be 
employed to measure their efficiency and rank them accordingly. 
2.1.1 Cash Flow 
Each capital expenditure cause different monetary transactions scattered over time. 
A graphical representation of these transactions in the form of cash flow diagram is 
used to help describe the situation. Although the transactions may occur at any point 
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in time, they are accepted to occur at the end of the periods that are used to divide the 
time axis.  
Figure 2.1 shows an example of cash flow diagram with positive arrows describing 
revenues (cash inflows) and negative arrows describing costs (cash outflows). 
 
 
 
 
 
 
Figure 2.1 : Cash Flow Diagram 
2.1.2 Time Value of Money  
The value of money depends on time. A certain amount of money today is worth 
more in the future and a certain amount of money in the future is worth less today. 
Thus, money has a natural characteristic to grow. This is usually described as the 
cost of money and is given as a percentage rate over a specified period, typically one 
year in engineering economics [3]. The cost of money may include not only the real 
cost, but also an adjustment for inflation and premiums to cover different 
uncertainties [3]. This combined rate is usually named as discount rate. 
For example, if the discount rate is r, an amount of money A now will be worth A(1+ 
r) after one year. The same amount of money will be worth  A(1+ r)n after n years, if 
the discount rate is kept constant over the period. 
2.2 Capital Budgeting Techniques 
Most used capital budgeting techniques can be classified as: 
 According to Payback Criteria 
1. Payback Period Approach 
2. Discounted Payback Period Approach 
 According to Discounted Cash Flow Criteria 
3. Net Present Value Approach 
4. Internal Rate of Return 
5. Modified Internal Rate of Return 
1 0 2 … n 
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6. Equivalent Annual Annuity 
7. Benefit Cost Ratio 
2.2.1 Payback Period 
The total amount of time, including the fraction of a year if appropirate, that it takes 
to recapture the original amount invested is the payback period [1]. Based on the 
payback rule, an investment is acceptable if its calcualted payback period is less than 
some prespecified number of years [4]. The lower the payback the better [1]. Thus 
for exclusive investments the decision rule is to take the project with the shortest 
payback period.   
It is stated as: 
Payback = Year before full recovery + 
Unrecovered cost at start of year
Cash flow during year
                            (2.1) 
The payback method ignores cash flows beyond the payback period, and it does not 
consider the time value of money [1]. What the payback does is to provide an 
indication of a project’s risk and liquidity because it shows how long the invested 
capital will be at risk. Also it is useful for making relatively minor decisions. The 
primary reason is that many decisions simply do not warrant detailed analysis 
because the cost of the analysis would exceed the possible loss from a mistake [4]. 
2.2.2 Discounted Payback Period 
Future cash flows are discounted at the cost of capital and “Payback” is calculated 
based on these discounted values. Thus, the discounted payback period is defined as 
the number of years required to recover the investment from discounted net cash 
flows [1]. Again the decision rule is to take the project with the shortest (discounted) 
payback period. If DPP exists, it can be calculated as follows: 
     	 
                                                                                                 (2.2)  
DPP doesn’t exist if the conditions of    
 !  and  "  
 !  
are not satisfied. 
In the above equation, CF0 is the initial investment outlay, r is the discount rate 
assumed to discount all the end-of-period cash flow CFj,  is a time period in the 
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planning horizon N(  #$# % # ) and  is the discounted pay back period. When 
r=0 in this formulation, the payback period criterian is obtained. 
Discounted Payback Period is similar to the regular payback period method that it 
ignores cash flows beyond the payback period, but it does consider the time value of 
money. It discounts cash flows at the project’s cost of capital. 
2.2.3 Net Present Value 
Ryan and Ryan indicated that net present value is the most frequently cited capital 
budgeting tool of choice [5]. Additionally, they expressed that firms with larger 
capital budgets tend to favor NPV and IRR. Magni insisted that the NPV rule is a 
pillar of modern finance theory and it is still so consolidated in the literature that we 
must admit that most financial concepts subsume it as a starting point for project’s 
valuation [6]. And most financial concepts are based on the notions of present value 
and opportunity cost of capital, which are just the bricks of the NPV building [7]. 
Also Kahraman expressed that the present-value method of alternative evaluation is 
very popular because future expenditures or receipts are transformed into equivalent 
dollars now [8]. 
The difference between an investment’s market value and its cost is called the net 
present value of the investment, abbreviated NPV. In other words, net present value 
is a measure of how much value is created or added today by undertaking an 
investment [4]. If the NPV is positive, the project should be accepted, while if the 
NPV is negative, it should be rejected. If two projects are mutually exclusive, the one 
with the higher NPV should be chosen, provided the NPV is positive [1]. If the 
alternatives have different lives, the alternatives must be compared over the same 
number of years.  
The NPV can be expressed as follows: 
NPV =  CF&1+rtnt=0 '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''                                       (2.3)                 
NPV technique always ensures the selection of projects that maximize the wealth of 
shareholders. It takes into account the time value of money. Also it considers all cash 
flows expected to be generated by a project. 
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2.2.4 Internal Rate of Return 
Instead of calculating a project’s net present value, companies often prefer to ask 
whether the project’s return is higher or lower than the opportunity cost of capital. 
[9]. Here the project’s return can be defined as internal rate of return of that project. 
The internal rate of return (IRR) is defined as the discount rate which equates the 
present value of a project’s expected cash inflows to the present value of its expected 
costs [1].  
It is stated formally:  
  CF&1+IRRtnt=0  = CF0+ CF11+IRR1 + CF21+IRR2 +…+ CFn1+IRRn  (                               (2.4)                
The unknown variable in the equation can be solved using a mathematical technique 
or by trial-and-error. And the decision rule is to accept a project if its IRR is greater 
than the cost of capital and reject it if its IRR is less than the cost of capital.  
As NPV, IRR takes into account the time value of money and considers the all cash 
flows expected to be generated by a project. Forecasting the cash values and solving 
the equation is not so easy. Also the IRR method assumes that cash flows can be 
reinvested at the project’s IRR, while the NPV method assumes reinvestment at the 
firm’s cost of capital. Since reinvestment at the cost of capital is generally more 
correct, the assumption of NPV is better than IRR. Another more important issue is 
that there can be conflicts between NPV and IRR when the mutually exclusive 
projects are ranking due to scale of investment, cash-flow pattern and project life. If 
cost of capital is higher than the crossover rate, the two methods lead to the selection 
of the same project. However if the cost of capital is less than the crossover rate, the 
NPV method and IRR method have conflicts. (NPV says that project x is better while 
IRR says project y is better.) Look at Figure 2.2. The correct answer is that the NPV 
method is better since it selects the project that adds the most to shareholders wealth 
[1]. 
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Figure 2.2 : NPV – IRR Conflict 
Moreover there can be multiple IRRs problems. When there are multiple changes in 
the sign of cash flows, the IRR rule does not work. But the NVP rule always works 
[9]. In Figure 2.3, a multiple IRRs example is shown. 
 
Figure 2.3 : Multiple IRRs Problem 
Incremental approach can be used to overcome the conflicts between IRR results and 
NPV results. The procedure consists of choosing two projects, one a defender and the 
other a challenger, to determine a winner based on whether the Incremental IRR is 
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greater than or less then cost of capital. The process starts by defining the project 
with the lowest initial investment to be the defender and the project with the next 
highest initial investment to be the challenger. The incremental (∆) values are 
determined by subtracting the challenger values from the defender values. If the 
∆IRR for increment X-Y is greater than cost of capital then project X is preffered 
over project Y. 
2.2.5 Modified Internal Rate of Return 
Modified Internal Rate of Return is the discount rate at which the present value of a 
project’s cost is equal to the present value of its terminal value, where the terminal 
value is found as the sum of the future values of the cash inflows, compounded at the 
firm’s cost of capital [1]. Today’s it has limited acceptance. But, as Ryan and Ryan 
in 2002 considered that it would be interesting to track the progression of MIRR over 
the next decade to see if that technique gained more acceptance, especially for firms 
with large capital budgets [5]. 
It can simply be defined as follows [1]: 
PV costs = PV terminal value                                                                                 (2.5)                
PV costs= 
TV
(1+MIRR)n
                                                                                 (2.6)               
 COFt1+rtnt=0  =' CIFt1+rn-t nt=0(1+MIRR))                                                       (2.7)                
Here COF refers to cash outflows, or the cost of the projects, and CIF refers to cash 
inflows. COFs, CIFs, r and MIRR is shown in Figure 2.4. 
One of the two main drawback of the IRR is the multiple IRRs problem which 
emerges when there are multiple sign changes in cash flows. But in MIRR there is 
only one solution independently from the amounts of changes in cash flows’ signs. 
The other problem with IRR is that IRR assumes that interim positive cash flows are 
reinvested at the same rates of the project that generated them. So the IRR is 
understood as the rate of return of the project. This would mean that if you put an 
amount of COF0 in the project which takes n years and E stands for its IRR, you get 
COF0(1+E)
n once the project is terminated [10]. 
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Figure 2.4 : Modified Internal Rate of Return 
This is a wrong interpretation unless the flows CIFt (* () (t=1,...,n) can be reinvested 
in some other project(s) till the end of the project in question with the rate of return 
E, which is usually wrong [10]. Since reinvestment at the cost of capital is generally 
more correct, the MIRR is a better indicator of a project’s true profitability than IRR 
[1].  
When comparing MIRR with NPV, it still has a drawback of evaluating mutually 
exclusive projects. If two projects are of equal size and have the same life, then NPV 
and MIRR will always lead to same selection decision[1]. Also if the projects are of 
equal size, but differ in lives, the MIRR will always lead to the same decision as the 
NPV if the MIRRs are both calculated using as the terminal year the life of the 
longer project [1]. However if the size of the projects are different, then conflicts can 
still occur. 
2.2.6 Equivalent Annual Worth 
Equivalent annual worth analysis is one of the most used analysis techniques for the 
evaluation of investments.  
When the alternatives have useful lives different from the analysis period, a common 
multiple of the alternative lives (CMALs) is calculated for the analysis period. 
However,frequently, a CMALs for the analysis period hardly seems realistic (e.g. 
CMALs is (7; 12) = 84 years). In such cases, EAW is mostly used as a decision 
making tool in capital budgeting  
   Present Value 
        of Costs 
Terminal Value 
    
  CIF 
COF 
MIRR 
r 
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The main process is to convert any cash flow to an equivalent uniform cash flow. It 
can be seen in Figure 2.5. 
 
 
 
 
Figure 2.5 : Equivalent Annual Worth Cash Flow Chart 
Later, the decision is given taking the economic category of the problem into 
account. If it is a fixed input problem, you should maximize equivalent uniform 
annual benefit. If it is a fixed output problem, minimize equivalent uniform annual 
cost, and if it is neither output nor input fixed problem, maximize equivalent uniform 
annual profit [11]. 
The “equivalent annual” approach is the most convenient method for comparing 
project evaluations with annual budget because saying that this project will cost or 
save $500 per year make intuitive sense even to people who have never heard of 
engineering economy [11]. 
The EUAV means that all incomes and disbursements (irregular and uniform) must 
be converted into an equivalent uniform annual amount, which is same in each 
period [11].  
The general equation for this method is +,-.  -  /.'01# 2  /. )')'                                                     (2.8)      
Here NPV is the net present value and 01# 2 is the present value of an annual factor 
due to period n and cost of capital r. 
The major advantage of this method over all the other methods is that it does not 
require making the comparison over the least common multiple of years when the 
alternatives have different lives. 
2.2.7 Benefit Cost Ratio 
The benefit cost ratio, also called as profitability index, tries to identify a ratio 
between the present value of the project and the total cost of the project [12]. It can 
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be defined as the ratio of the equivalent value of benefits to the equivalent value of 
costs [13]. The equivalent values can correspond to present, annual or future values 
[13]. 
The B/C ratio (BCR) is formulated as 
BCR=B/C                                                                                                                (2.9)
 
where B represents the equivalent value of the benefits associated with the project 
and C represents the project's net cost [13]. A B/C ratio greater than or equal to 1 
indicates that the project evaluated is economically advantageous. 
In B/C analyses, costs are not preceded by a minus sign. The objective to be 
maximized behind the B/C ratio is to select an alternative with the largest net present 
value or with the largest net equivalent uniform annual value, because B/C ratios are 
obtained from the equations necessary to conduct an analysis on the incremental 
benefits and costs [13]. 
In the case of two mutually exclusive alternatives following ratios should be used:  
12
12
12
12
−
−
−
−
∆
∆
=
∆
∆
PVC
PVB
C
B
                                                                                                 
(2.10) 
 or 
12
12
12
12
−
−
−
−
∆
∆
=
∆
∆
EUAC
EUAB
C
B
                                                                                              
(2.11) 
where 12−∆B is the incremental benefit of Alternative 2 relative to Alternative 1, 
12−∆C stands for the incremental cost of Alternative 2 relative to Alternative 1, 
12−∆PVB denotes the incremental present value of the benefits of Alternative 2 
relative to Alternative 1, 12−∆PVC  signifies the incremental present value of costs of 
Alternative 2 relative to Alternative 1, 12−∆EUAB  means the incremental equivalent 
uniform annual benefit of Alternative 2 relative to Alternative 1, and 12−∆EUAC  is 
the incremental equivalent uniform annual cost of Alternative 2 relative to 
Alternative 2 [13]. 
Thus, the concept of the B/C ratio includes the advantages of both NPV and 
EUAV analyses. Because it does not require using a common multiple of the alter- 
native lives (then the B/C ratio based on an equivalent uniform annual cash flow is 
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used) and it is a more understandable technique relative to the rate of return analysis 
for many financial managers, the B/C analysis can be preferred to other techniques 
such as the present value analysis, the future value analysis, and the rate of return 
analysis [13]. 
2.2.8 Evaluation of Capital Budgeting Techniques 
A brief evaluation of capital budgeting techniques is shown in Table 2.1. 
Table 2.1 : Evaluation of Capital Budgeting Techniques 
                 CAPITAL BUDGETING TECHNIQUES 
FEATURES PP DP NPV IRR MIRR EAW B-C 
Measure expressed as No of 
years 
No of 
years 
$ % % $/year % 
Considering time value of 
money 
- + + + + + + 
Considering cash flows 
after payback period 
- - + + + + + 
Easy to understand + + + - - - + 
Possible to have more 
than one result (multiple 
solution) 
- - - + - - - 
Especially preferred by 
small enterprises 
(because of liquidity risk) 
+ + - - - - - 
Especially preferred by 
big firms  
- - + + - + + 
Not prevalent in general 
use (but in future its 
prevalence will increase) 
- - - - + - - 
A brief evaluation for strenghts and limitations of capital budgeting techniques is 
shown in Table 2.2. 
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Table 2.2 : Strength and Limitations of Each Capital Budgeting Technique 
 Strenghts Limitations 
P
P
 
PP provides an indication of a project’s risk and 
liquidity by showing how long the invested capital 
will be at risk. Also it is useful for making relatively 
minor decisions because of being cheap to use. 
The payback method ignores cash 
flows beyond the payback period, and 
it does not consider the time value of 
money. 
D
P
 
It is a modified verison of regular payback period 
method in whicih time value of money is considered. 
It discounts cash flows at the project’s cost of capital. 
It ignores cash flows beyond the 
payback period as payback period 
method. 
N
P
V
 
NPV technique always ensures the selection of 
projects that maximize the wealth of shareholders. It 
takes into account the time value of money. Also it 
considers all cash flows expected to be generated by 
a project. When there exists a conflict between the 
result of NPV and any other capital budgeting 
technique, management should act according to the 
result of NPV. 
 
IR
R
 
As NPV, IRR takes into account the time value of 
money and considers the all cash flows expected to 
be generated by a project. 
Mulitple IRRs problem can emerge. 
Also there can be conflicts between 
NPV and IRR when the mutually 
exclusive projects are ranking due to 
scale of investment, cash-flow pattern 
and project life. 
M
IR
R
 
MIRR solves the problem of multiple IRRs. Also 
since reinvestment at the cost of capital is generally 
more correct, the MIRR is a better indicator of a 
project’s true profitability than IRR.  
MIRR is not as good as NPV for 
choosing between mutually exclusive 
projects. The different project size of 
projects would be able to cause a 
conflict between MIRR and NPV. 
E
A
W
 
The major advantage of this method over all the other 
methods is that it does not require making the 
comparison over the least common multiple of years 
when the alternatives have different lives. 
 
B
-C
 
It is a more understandable technique relative to the 
rate of return analysis for many financial managers. 
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3. INVESTMENT ANALYSIS UNDER RISK AND UNCERTAINTY 
CONDITIONS  
3.1 Risk and Uncertainty  
Uncertainty can be defined as something that is not known either because it occurs in 
the future or has an impact that is unknown. It has been used to mean an unknown 
that cannot be solved deterministically or an unknown that can only be resolved 
through time. Schweppe et al (1989) define uncertainties as quantities or events that 
are beyond the decision maker’s foreknowledge or control [14]. Uncertainties are the 
reasons why planning is difficult and why plans are not optimal (Dowlatabadi and 
Toman, 1990) [14]. Uncertainty arises because of incomplete information such as 
disagreement between information sources, linguistic imprecision, ambiguity, 
impreciseness, or simply missing information. 
In the literature, “uncertainty” and “risk” are often used interchangeably. F.H. Knight 
(1921)  was the first to distinguish between measurable risk and unmeasurable 
uncertainty. Building upon Knight’s definitions, Barbier and Pearce (1990) note that 
risk denotes broadly quantifiable probabilities while uncertainty refers to contexts in 
which probabilities are not known [14]. Choobineh and Behrens (1992) consider 
uncertainty as the manifestation of unknown consequences of change and risk as the 
consequence of taking an action in the presence of uncertainty [14]. Amram and 
Kulatilaka (1999) consider risk to be the undesirable implication of uncertainty. [15]. 
Risk is used in common language to mean exposure to the chance of an injury or 
loss. In finance, the term risk is used in general to refer to the chance of the loss of 
money. Risk may also refer to the chance of getting back less than was expected, less 
than the rate of return on a sure thing such as a Treasury bill, or less than would have 
been received from some other risky investment [16]. 
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3.2 Risk Analysis Methods 
Risk analysis is important in making capital investment decisions because of the 
significant amount of capital involved and the long-term nature of the investments 
being considered. The higher the risk associated with a proposed project, the greater 
the return rate that must be earned on the project to compensate for that risk [2]. 
Regardless of the risk measure used, there are five general alternatives with regard to 
a perspective from which to view risk [16]. 
Risk can be viewed from the perspective of: 
1-A single investment in isolation. 
2-An investment’s contribution to the riskiness of a portfolio of the company’s 
assets. 
3-An investment’s contribution to the riskiness of a portfolio of a shareholder. 
4-An investment’s contribution to the riskiness of the various contingent claims 
against the company. 
5-An investment’s contribution to the riskiness of the overall economy. 
The assessment of risk often begins with single investment risk analysis, an 
examination of the investment’s total risk as a stand-alone unit. There exist several 
ways of examining the investment’s total risk as a stand-alone unit. Some of them are 
based on intuitive modification of the data used in the classical methods (like the 
“risk adjustment", which consists in increasing the present cost of capital by a 
constant in later stages of projects being analysed) [29]. Another one is the 
probabilistic approach.These intuitive methods are widely used in practice, but they 
have the disadvantage of depending too much on the intuition of the decision maker. 
[29] The probabilistic approach does propose formalised approaches.   
Some of the probabilistic methods can be classified as sensitivity analysis, scenario 
analysis, analytical risk analysis, Monte Carlo simulation and decision tree analysis. 
These are helpful tools for managers to develop a clear picture of the risks to which 
they are exposed.  
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3.2.1 Analytical Risk Analysis 
In this method, the expected value of probabilistic cash flows and the variance of the 
probabilistic cash flows are calculated for both the situation of being correlated and 
non-correlated cash flows. Since the expected value of a sum of random variables 
equals the sum of the expected values of the random variables, then the expected 
present value (PV) is given by +3/.4    	 25+35465!                                                                                      (3.1) 
where CFi’s are statistically independent net cash flows and n is the life of project  
[17]. 
 Then the variance of PV is given by 783/.4  .3/.4    	 28565! .354''''''''''''''''''''''''''''''''''                             (3.2) 
The central limit theorem establishes that the sum of independently distributed 
random variables tends to be normally distributed as the number of terms in the 
summation increases. Hence, as N increases, PV tends to be normally distributed 
with a mean value of E[PV] and a variance of V[PV] [18]. 
In the case of a set of correlated cash flows (Aj’s are not statistically independent) 
the variance calculation is modified as follows:  .3/.4   .35465!  	 285 	 $  9:35# ;46;!565!  	 25;'''''''''''''''''''''''''''''' (3.3) 
where Cov[Aj, Ak] is the covariance between Aj and Ak. Cov[Aj,Ak] equals ρjk σ[Aj] 
σ[Ak], where ρjk is the correlation coefficient between Aj and Ak [17]. If all Aj and Ak 
are perfectly correlated such that ρjk =+1, then .3/.4  < 735465!  	 25=''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''(3.4) 
The expected value and the standard deviation of NPV give a considerable amount of 
information by which to assess the risk of an investment project [2]. If the probability 
distribution is normal, some probability statement regarding the project’s NPV can 
be made. For example, The probability of a project’s NPV providing an NPV less 
than or greater than zero can be computed by standardizing the normal variate x:  
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(3.5) 
where x is the outcome to be found and z is the standardized normal variate whose 
probability value can be found in normal distribution table in Appendix A [2]. 
3.2.2 Sensitivity Analysis 
The first questions that arise in discussing the riskiness of an investment are often 
“What can go wrong?” and “What are the critical variables?” [26].Both of these 
questions can be answered through sensitivity analysis. Sensitivity analysis is the 
computation of net present value or other profitability measures for multiple values 
of at least one variable that will affect the investment [26]. 
Sensitivity analysis begins with a base case situation, which is developed using the 
expected values for each input [1]. After that each variable is changed by several 
specific percentage points above and below the expected value, holding the other 
things constant; then a new NPV is calculated for each of these values. And then for 
each variable sensitivity coefficients  are calculated. Sensitivity coefficient is the 
percentage change of the outcome due to the one percent change of each variables 
while the other things are constant. As the sensitivity coefficient increases the 
variable of that coefficient can be regarded as riskier because a small error in 
estimating that variable would produce a large error in project’s expected NPV. 
3.2.3 Scenario Analysis 
The main lack of sensitivity analysis is not to account the relationship between the 
variables of the outcome. We can solve this problem by making up scenarios that 
makes variables interrelated. We use the worst case variable values (low unit price, 
low unit sales, high unit costs and etc…) to obtain the worst case NPV and the best 
case variable values to obtain the best case NPV [1]. We can use the result of 
scenario analysis to determine the expected NPV, the standard deviation of NPV, and 
the coefficient of variation. To begin we need an estimate of the probabilities of 
occurrence of the three scenarios (worst case, base case and best case), the Pi values 
[1]. Then expected value, the standard variation and the coefficient of variation is 
calculated according to these formulas: 
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(3.8) 
The project’s coefficient of variation can be compared with the any other projects’ 
coefficient of variations. So the scenario analysis provides useful information about a 
project’s stand alone risk. However, it is limited in that it only considers a few 
discrete outcomes (NPVs) for the project even though there really are an infinite 
number of possibilities [1]. 
3.2.4 Monte Carlo Simulation 
An extension of scenario analysis is called simulation analysis [9]. Here instead of 
specifying a relatively small number of scenarios, a computer generates several 
hundred or thousand possible combinations of variables according to probability 
distributions specified by the analyst [9]. 
The Monte Carlo simulation technique is an especially useful means of analyzing 
situations involving risk to obtain approximate answers when a physical experiment 
or the use of analytical approaches is either too burdensome or not feasible. It has 
enjoyed widespread acceptance in practice because of the analytical power it makes 
possible without the necessity for complex mathematics [18]. 
The first step in a computer simulation is to specify the probability distribution of 
each uncertain cash flow variable [1]. Then the computer chooses at random a value 
for each uncertain variable based on the variable’s specified probability distribution. 
In the second step, the value selected for each uncertain variable are used in the 
model to determine the net cash flows for each year, and these cash flows are then 
used to determine the project’s NPV in the first run. Step 1 and 2 are repeated many 
times, say 500, resulting in 500 NPVs, which make up a  probability distribution [1]. 
The resulting NPV distribution provides an expected NPV value and standart 
deviation of it.  Beside these, as it is its primary advantage, it shows us the range of 
possible outcomes along their attached probabilities, rather than merely a point 
estimate of NPV [1]. 
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And by these information, additional information, which can be quite helpful in 
assessing the riskiness of a project, such as NPV>0 or IRR>k can be obtained, 
On the other side, It is really problematic to determine the probability distributions of 
each variable.  
3.2.5 Decision Tree Analysis 
Many investment opportunities require a sequence of decisions through time, with 
each subsequent decision depending both on earlier decisions as well as the actual 
outcomes of those decisions. Consequently, what you plan to do today will often 
depend on what you plan to do in the future [19]. 
A useful aid in solving problems involving sequential decisions is to diagram the 
alternatives and their possible consequences. The resulting chart or graph is known 
as a decision tree, so called because it has the appearance of a tree with branches 
[19].  
A decision tree enables managers to visualize quickly the possible future events, their 
probabilities, and their financial consequences.  
The diagram is read from left to right. The leftmost node in a decision tree is called 
the root node. The branches emanating to the right from a decision node represent the 
set of decision alternatives that are available. One, and only one, of these alternatives 
can be selected [20]. 
In order to decide which alternative to select in a decision problem, a decision 
criterion is needed; that is, a rule for making a decision. Expected value is a criterion 
for making a decision that takes into account both the possible outcomes for each 
decision alternative and the probability that each outcome will occur. The expected 
value for an uncertain alternative is calculated by multiplying each possible outcome 
of the uncertain alternative by its probability, and summing the results [20].  
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Figure 3.1 : Decision Tree Example 
3.2.6 Evaluation of Risk Analysis Methods 
A variety of tools are discussed because no one tools fits every situation [16]. 
Sensitivity analysis is simple to use and the results are easy to explain. It is the 
primary method of defining risk. Analytical risk analysis, Monte Carlo simulation 
and the decision tree provide more insight into probabilities, but are more difficult 
(therefore more expensive and time consuming) to use. Consequently each risk-
measurement tool has its place. 
Because an enterprise that is considering to make an capital expenditure needs lots of 
knowledge to determine the exact probabilities, and determining the probabilities are 
not so easy, these probabilistic based methods using probabilities to take risk into 
account are not adequate in every situation.  
That is why several authors have used another approach, which is called the 
possibilistic or fuzzy one [29]. In this approach instead of probability distributions 
possibilistic distributions or fuzzy numbers are used. 
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4. FUZZY LOGIC  
Logic is a knowledge that teaches us how to think systematically by using the 
appropriate rules [21]. These rules help us to produce the right answer in decision 
making. Logic is developed by the excellence of the human mind that generates the 
thinking of all knowledge [21]. 
The precision of mathematics owes its success in large part to the efforts of Aristotle 
and the philosophers who preceded him. In their efforts to devise a concise theory of 
logic, and later mathematics, the so−called "Laws of Thought" were posited [21]. 
One of these, the "Law of the Excluded Middle," states that every proposition must 
either be True or False. 
Fuzzy logic, which was emerged as a consequence of the development of the theory 
of fuzzy sets by Lotfi Zadeh  in 1965, extends Aristotle’s classical logic by allowing 
intermediate values to be defined between conventional evaluations like true/false, 
yes/no, right/wrong, etc. So fuzzy logic can be said to be appropriate for real world. 
Because in the real world grey is always point at issue beside the white and black due 
to the existence of uncertainty.  
4.1 Fuzzy Sets and Membership Functions 
In classical, or crisp, sets the transition for an element in the universe between 
membership and non-membership in a given set is abrupt and well-defined [22]. For 
crisp sets x in the universe X is either a member of some crisp set A or it is not. This 
binary issue of membership can be represented mathematically with the indicator 
function, 

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

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Ax
xA ,0
,1
)(χ
                                                                                           
(4.1) 
Where the symbol )(xAχ  gives the indication of an unambiguous membership of 
element x in set A [22]. 
To deal with vagueness of human thought, Zadeh first introduced the fuzzy set 
theory, which was based on the rationality of uncertainty due to imprecision or 
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vagueness [23]. A major contribution of fuzzy set theory is its capability of 
representing vague knowledge. The theory also allows mathematical operators and 
programming to apply to the fuzzy domain [23]. 
For an element in a universe that contains fuzzy sets, the transition can be gradual. 
This transition among various degrees of membership can be thought of as 
conforming to the fact that the boundaries of the fuzzy sets are vagueness and 
ambiguous [22]. 
A notation convention for fuzzy sets when the universe of discourse, X, is discrete 
and finite, is as follows for a fuzzy set A
~
[22]: 
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Here the symbol )(~ x
A
µ is the degree of membership of element x in the fuzzy set A
~
. 
And ]1,0[)(~ ∈x
A
µ . 
When the universe, X, is continuous and infinite, the fuzzy set A
~
is denoted by 
A
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(4.3) 
Figure 4.1 shows various shapes on the universe of temperature as measured in units 
of degrees Celsius. Each curve is a membership function corresponding to various 
fuzzy variables, such as cold, cool, warm, and hot. At 10 oC curves of cold and cool 
overlap at the point where µ is 0.5. This means that at 10 oC the membership value of 
both cold and cool functions is 0.5.  
 
 
 
 
 
 
Figure 4.1 : Membership Functions for the Fuzzy Variable “Temperature” 
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Of course, these curves are a function of context and the analyst developing them. 
For example, if the temperatures are referred to the range of human comfort we get 
one set of curves, and if they are referred to the range of safe operating temperatures 
for a steam turbine we get another set. 
4.2 Alpha Cuts 
Alpha-cuts are slices through a fuzzy set producing regular (non-fuzzy) sets [8]. 
If -> is a fuzzy subset of some set Ω, then an α-cut of ->, written ->3?4, is defined as  ->3?4= {x | @AB(x) ≥ α}, for all α, 0 ≤ α ≤ 1.                                                              (4.4) 
For example, consider a discrete fuzzy set CD'on universe X=EF# G# H# I# J# KL 
 CD  M 	 NOP 	 NQR 	 NST 	 N8U 	 NVW  then, α-cuts of CD  for α=0,03 and α=0,4 can be 
defined as CD3(#(X4  EF# G# H# I# KL and CD3(#Y4  EF# G# H# KL 
For any fuzzy number CD , it is said that CD3?4 is closed, bounded, interval for 
 0 ≤ α ≤ 1 and this can be written as  CD3?4  3Z?#Z8?4,                                                                                        (4.5) 
where Z? [Z8?\'is an increasing (decreasing) function of ? in [0,1] and Z  Z8.  
4.3 Fuzzy Numbers 
A fuzzy number, a special fuzzy subset of the real numbers, is a normal and convex 
fuzzy set with membership function )(~ x
A
µ which both satisfies normality: )(~ x
A
µ , 
for at least one  x∈R and convexity:  
 
)(~ x
A
′µ ≥ )( 1~ xAµ ∧ )( 2~ xAµ                                                                                  (4.6) 
Here x′∈ [x1,x2] and ‘∧’ stands for the minimization operator.   
The fuzzy sets E
~
 and F
~
, shown in Figure 4.2, are not fuzzy numbers. 
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Figure 4.2 : Examples of Non-Fuzzy Numbers 
4.3.1 Triangular Fuzzy Numbers 
Triangular fuzzy numbers take their name from the shape of their membership 
functions. A triangular fuzzy number (TFN) is shown in  Figure 4.3. 
 
Figure 4.3 : A Triangular Fuzzy Number, M
~
 
The parameters  m1, m2 and m3 respectively denote the smallest possible value, the 
most promising value, and the largest possible value that describes a fuzzy event 
[13]. 
Each TFN has linear representations on its left- and right-hand sides, such that 
its membership function can be defined as follows: 
)(~ x
M
µ
  x 
1 
0 
0       m1            m2             m3 
CD
)(~ x
A
µ  
1 
0 
   +B  ' '''B  
  x  
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(4.7) 
Inverse mappings from any given degree of membership to its corresponding x 
values can be defined, one on the left-hand side of the fuzzy number, another on the 
right-hand side of this number [13]. Thus, a fuzzy number can always be given by its 
left and right representations of each degree of membership: 
( ))()( ,~ yryl MMM =                                                                                                   (4.8) 
( )ymmmymmmM )(,)(~ 323121 −+−+=    [ ]1,0∈∀y                                                (4.9) 
Here l(y) and r(y) denote the left and right-hand side representations of a fuzzy 
number, and y denotes @ and/or ?. 
Also Kahraman defined the membership function of a TFN ( M
~
) as 
)),
~
|(/,/)
~
|(,()
~
|( 322211 mMyfmmMyfmMx =µ                                                  (4.10) 
where m1<m2<m3, )
~
|(1 Myf is a continuous monotone increasing function of y for 
10 ≤≤ y  with 11 )
~
|0( mMf =  and 21 )
~
|1( mMf =  and )
~
|(2 Myf is a continuous 
monotone decreasing function of y for 10 ≤≤ y  with 22 )
~
|1( mMf =  and 
32 )
~
|0( mMf =  [13]. )~|( Mxµ  is denoted simply as ( )3221 /,/ mmmm  or ( )321 ,, mmm  
[13]. 
4.3.2 Trapezoidal Fuzzy Numbers 
As TFNs, trapezoidal fuzzy numbers take their name from the shape of their 
membership functions too. A trapezoidal fuzzy number is shown in Figure 4.4.  
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Figure 4.4 : A Trapezoidal Fuzzy Number, V
~
 
Trapezoidal fuzzy numbers has linear representations on its left- and right-hand sides 
too.And membership function of a trapezoidal fuzzy number can be defined as 
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(4.11) 
Also Kahraman defined the membership function of a trapezoidal fuzzy number V
~
as
)),
~
|(/,/)
~
|(,()
~
|( 423211 mVyfmmVyfmVx =µ                                                     (4.12) 
where m1<m2<m3<m4, )
~
|(1 Vyf is a continuous monotone increasing function of y 
for 10 ≤≤ y  with 11 )
~
|0( mVf =  and 21 )
~
|1( mVf =  and )
~
|(2 Vyf is a continuous 
monotone decreasing function of y for 10 ≤≤ y  with 32 )
~
|1( mVf =  and 
42 )
~
|0( mVf = [23]. )
~
|( Vxµ  is denoted simply as ( )4321 /,/ mmmm  or 
( )4321 ,,, mmmm . 
4.4 Fuzzy Arithmetic 
If .Band CD  are two fuzzy numbers we will need to add, subtract, multiply and divide 
them. There are two basic methods of computing .B '	'CD , .B 'CD , etc. 
)(~ x
V
µ  
x 
1 
0 
.B '
0       m1             m2      m3                     m4 
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which are: (1) interval arithmetic; and (2) extension principle [8].  
4.4.1 Internal Arithmetic 
Let [ ]4321 ,,,
~
vvvvV =  and [ ]4321 ,,,
~
mmmmM = be two trapezoidal fuzzy numbers. 
Then some basic operations can be classified as below: 
Image of V 
( )1234 ,,,
~
vvvvV −−−−=−                                                                             (4.13) 
Inverse of V 






=−
1234
1 1,
1
,
1
,
1~
vvvv
V
                                                                             
(4.14) 
Addition 
( )44332211 ,,,
~~
mvmvmvmvMV ++++=+                                              (4.15) 
Subtraction 
( )14233241 ,,,
~~
mvmvmvmvMV −−−−=−                                               (4.16) 
Multiplication with a scaler 
    ]^  (# ^ _ `  ^' a V~ '(kv1,kv2,kv3,kv4)                                        (4.17) 
    ]^ b (# ^ _ `  ^' a V~ '(kv4,kv3,kv2,kv1)                                        (4.18) 
Multiplication 
,0
~
>V 0
~
>M => ( )44332211 ,,,
~~
mvmvmvmvMV ××××=×                    (4.19) 
,0
~
<V 0
~
>M => ( )41322314 ,,,
~~
mvmvmvmvMV ××××=×                    (4.20) 
,0
~
<V 0
~
<M => ( )11223344 ,,,
~~
mvmvmvmvMV ××××=×                    (4.21) 
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Division 
,0
~
>V 0
~
>M => 





≅
1
4
2
3
3
2
4
1 ,,,~
~
m
v
m
v
m
v
m
v
M
V
                                                    
(4.22) 
,0
~
<V 0
~
>M => 





≅
1
1
2
2
3
3
4
4 ,,,~
~
m
v
m
v
m
v
m
v
M
V
                                                    
(4.23) 
,0
~
<V 0
~
<M => 





≅
4
1
3
2
2
3
1
4 ,,,~
~
m
v
m
v
m
v
m
v
M
V
                                                    
(4.24) 
4.4.2 Extension Principle 
The extension principle is a very powerful idea that, in many situations, provides the 
capabilities of a fuzzy calculator [22]. Extension principle developed by Zadeh in 
1975 and elaborated by Yager in 1986 enables us to extend the domain of a function 
on fuzzy sets [22]. 
Let assume z=h(x) for x in [a,b] and z a real number,and H is a fuzzy function which 
is mapping fuzzy numbers into fuzzy numbers. We write H(cB)=dB for a fuzzy 
function with one independent variable cB. cB will be a triangular (shaped) fuzzy 
number and then we usually obtain dB as a triangular (shaped) fuzzy number [8]. For 
two independent variables we have H(cB# eB)=dB [8]. 
h : [a,b]  f may be extended to H(cB)=dB as follows dBg  hijkEcBl'm'nl  g# F " l " G'L                                                         (4.25) 
Equation 4.25 defines the membership function of dB for any triangular fuzzy number cB in [a,b] [8]. 
If h is continuous, then we have a way to find ?-cuts of dB [8]. 
Let dB3?4=[z1(?), z2(?)]. Then  g?  Zo1<nl'm'l'p'cD 3?4'=,                                                                           (4.26) g8?  ZFl<nl'ml'p'cD 3?4'=,                                                                           (4.27) 
for 0" ? " . 
If we have two independent variables, then let z = h(x,y) for x in [a1,b1], y in [a2,b2]. 
h is extended to H(cB# eB)=dB as dBg  hijk#qErst'cBl# eBu'm'nl# u  g'L,                                                (4.28) 
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for cB'eB a triangular (shaped) fuzzy number in [a1,b1] ([a2,b2]) [8]. For ?-cuts of dB, 
assuming h is continuous, we have g?  Zo1<nl# u'm'l'p'cD 3?4# u'p'eD 3?4=,                                                        (4.29) g8?  ZFl<nl# u'm'l'p'cD 3?4# u'p'eD 3?4=,                                                       (4.30) 
for 0" ? " . 
4.5 Ordering Fuzzy Numbers 
For a finite set of real numbers there is no problem in ordering them from smallest to 
largest. However, in the fuzzy case there is no universally accepted way to do this. 
Also, since fuzzy numbers represent uncertain numeric values, it is difficult to rank 
them according to their magnitude [24]. There are probably more than 40 methods 
proposed in the literature of defining M ≤ N, for two fuzzy numbers M and N [24]. In 
this part first, most used defuzzification methods, which simply convert fuzzy 
numbers to crisp values, are explained briefly and then Kaufmann and Gupta’s, Liou 
and Wang’s, and Yuan’s ranking methods are explained. 
4.5.1 Deffuzification Methods 
Defuzzification is the conversion of a fuzzy quantity to a precise quantity, just as the 
fuzzification is the conversion of a precise quantity to a fuzzy quantity [22]. After the 
defuzzification process the desicion maker can simply rank crisp values.  
4.5.1.1 Max-min Membership Methods 
Also known as the height method, this scheme is limited to peaked output functions 
[24].  
This method is given by the algebraic expression )(*)( ~~ zz
CC
µµ ≥   for all Zz ∈   
and is shown graphically Figure. 4.5. 
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Figure 4.5 : Max-membership Principle 
4.5.1.2 Centroid Method 
This procedure (also called center of area, center of gravity) is the most prevalent nad 
physically appealing of all the defuzzification methods [22]. This method is given by 
the algebraic expression  g  vwDxNxTxvwDxTx                                                                                      (4.31) 
and is shown graphically Figure. 4.6. Here “ ∫ ” denotes an algebraic integration. 
 
Figure 4.6 : Centroid Method 
4.5.1.3 Weighted Average Method 
This method is only valid for symmetrical output membership functions and it is 
given by the algebraic expression  
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g  wDxyNxy wDxy                                                                                         (4.32) 
where ∑ denotes an algebraic sum [22]. This method is shown in Figure. 4.7.  
 
Figure 4.7 : Weighted Average Method 
This method is formed by weighting each membership function in the output by its 
respective maximum membership value [22]. As an example, the two functions 
shown in Figure 4.6. would result in the following general form for the defuzzified 
value: g  #Q'k'M'k'P#Q                                                                               (4.33) 
Here a and b are the means of their respective shapes. 
4.5.1.4 Mean-max Membership 
This method (also called middle of maxima) is closely related to the first method, 
except that the locations of the maximum membership can be non-unique. (it can be 
a plateau rather than a single point) [22]. This method is given by the expression 
where a and b are as defined in Fig. 4.8. g  MP8                                                                                               (4.34) 
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Figure 4.8 : Mean-max Membership 
4.5.1.5 Center of Largest Area 
If the output fuzzy set has at least two convex subregions, then the center of gravity  
[ *z is calculated by using the centroid method] of the convex subregion with the 
largest area is used to obtained the defuzzified value *z  of the output [22]. This is 
shown graphically in Figure 4.9. The defuzzified value *z is given by the following 
equation: g  vwDzxxTxvwDzxTx                                                                                    (4.35)    
Here mC
~
is the convex subregion that has the largest area making up kC
~
. 
 
Figure 4.9 : Center of Largest Area 
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4.5.2 Kaufmann and Gupta’s Ranking Method 
Kaufmann and Gupta suggest three criteria for ranking fuzzy numbers.The 
dominance sequence is determined according to priority of: 
1. Comparing the ordinary number. 
2. Comparing the median. 
3. Comparing the range. 
The preference of projects is determined by their amount of their ordinary numbers 
[23]. The project with the larger ordinary number is preferred. If the ordinary 
numbers are equal, the project with the larger median is preferred. If projects have 
the same ordinary number and the median, then the project with the larger range is 
preferred [23]. 
Ordinary number or Removal can be defined as the average of the external and 
internal areas defined by an origin and the fuzzy number [3]. 
Removal
( )
2
BBA ++
=                                                                                          (4.36) 
For a triangular fuzzy number the removal number is: 
Removal tri = 
( )
4
2 cba ++
                                                                                     
(4.37)
 
For a trapezoidal fuzzy number the removal number is: 
Removal trap = 
( )
4
dcba +++
                                                                               
(4.38)
 
Figure 4.10 simply illustrates the definition for a trapezoidal fuzzy number. 
 
 
 
 
 
Figure 4.10 : Removal Definition 
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4.5.3 Liou and Wang’s Ranking Method 
The integral values method of triangular fuzzy numbers by Liou and Wang (1992) is 
introduced briefly as follows [25]. Let, iAB{ is continuous and increasing function 
whereas iAB| is continuous and decreasing function. 
iAB{l  }kMPM #'''F " l " G#'''F ~ G'''#'''''''''''''''''''''''''''''''F  G '                                                                (4.39) 
iAB|l  }kRPR #'''G " l " H#'''G ~ H'''#'''''''''''''''''''''''''''''''G  H                                                                               (4.40) 
These functions have inverse function, denoted as AB{  and AB| as follows: AB{l  F 	 G  Fi#''''''F ~ G#''''''i _ 3(#4'F#''''''''''''''''''''''''F  G''''''''''''''''''''                                                    (4.41) AB|l  H 	 G  Hi#''''''G ~ H#'''''''i _ 3(#4'H#''''''''''''''''''''''''G  H''''''''''''''''''''                                                    (4.42) 
The definition of integral values for triangular fuzzy number -> is proposed in 
Equation 4.43: [D\     v D  	 v D #'''''''( "  " ''                            (4.43) 
And this equation takes the following form when the necessary operations are done. '[->\  8 F 	 8 G 	 8 H  ,       ( " ? "                                                           (4.44) 
The index of optimism, α, is representing the degree of optimism for a person [25]. A 
larger α indicates a higher degree of optimism. For a person of neutral or moderate 
objective personality, his or her value of α equals 0.5. 
4.5.4 Yuan’s Ranking Method 
In this approach, a binary relation on F(R) is a fuzzy set such as @  '`l` 3(#4, where @-5 # -  represents the truth level or the strength of the relation 
between -5 't'- , where @[-5 # - \   means that the relation between -5 't'-  
is true or strongest, and @[-5 # - \  ( means the relation is false or the weakest [11]. 
Let -5 # - _ ` are two fuzzy numbers. A fuzzy relation which compares the right 
spread of -5 with the left spread of -  is defined in Equation 4.45 : 
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5  v [-5  -  \I?A A 	 v [-5  -  \I?A A                                       (4.45) 
Here -5  -5 is the right (left) spread of -5. 
Then @-5 # - , the degree of bigness of -5 relative to -  and it can be calculated by 
Equation 4.46 as follows: @[-5 # - \                                                                                                   (4.46) 
Based on this formula, there are two situations: -5 is bigger than -  if and only if @[-5 # - \  (#, -5 and -  are equal if and only if @[-5 # - \  (#. 
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5. FUZZY CAPITAL BUDGETING 
Capital budgeting techniques are widely used in making investment decision; 
however, determining cash flows (revenues, expenses) and discount rates as crisp 
values can lead to wrong results in most of the real-life applications. 
Probabilistic cash flow analysis can be used when the probabilities of the possible 
outcomes are known. But, determining the probabilites in other words gathering 
necessary information to do the analysis is usually difficult. And when the frequency 
distribution of the possible outcomes is not known, the investment evaluation should 
be treated under uncertainty conditions 
In an uncertain economic decision environment, an expert's knowledge about 
discounting cash flows consists of a lot of vagueness instead of randomness [23]. 
Usually, based on past experience or educated guesses, decision makers modify these 
vague datas to fit certain conventional decision- making models. Statements like 
approximately between $ 9,000 and $ 17,000 (linguistic forms) or approximately 
between 10% and 15% must be translated into an exact amount, such as $ 13,000 or 
12.5% respectively. 
Fuzzy set theory, first introduced by Zadeh (1965) can be used in the uncertain 
economic decision environment to deal with the vagueness. Fuzzy numbers can be 
equal for these inputs, such as cash amounts and interest rates in the future, for 
conventional decision-making models [11]. Fuzzy set theory was applied extensively 
to solve the problem of alternative selection when it was introduced in engineering 
economy [11]. 
Ward (1985) develops fuzzy present worth analysis by introducing trapezoidal cash 
flow amounts. Buckley (1987) proposes a fuzzy capital budgeting theory in the 
mathematics of finance. Kaufmann and Gupta (1988) are using the fuzzy number to 
the discount rate. They derive a fuzzy present worth method for investment 
alternative selection. Karsak and Tolga (2001) propose a fuzzy present worth model 
for financial evaluation of advanced manufacturing system (AMS) investments. [11]. 
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Kuchta (2000) considers most of the fuzzy capital budgeting criteria including fuzzy 
modified internal rate of return. Kahraman et al. (2002) derivates the formulas for the 
analyses of fuzzy present value, fuzzy equivalent uniform annual value, fuzzy final 
value, fuzzy benefit-cost ratio and fuzzy payback period in capital budgeting. Liou 
and Chen (2007) propose a fuzzy equivalent uniform annual worth (FEUAW) 
method to assist practitioners in evaluating investment alternatives utilizing the fuzzy 
set theory [11]. 
In this section, the cash inflows, cash outflows and discount rates are considered as 
triangular fuzzy numbers whereas useful lifes are considered as crisp values. 
5.1 Fuzzy Discounted Payback Period 
Discounted payback period considers the time value of money whereas the payback 
period method ignores it. In other words, discounted payback period method is an 
better approach than payback period method. So in fuzzy capital budgeting section 
fuzzy payback period method is not discussed.  
In crisp case dpp is expressen in Equation 2.2 as follows: 
    	 (    	 2 	 2  
resulting from the following conditions:    
 !  and  "  
 !  
In fuzzy case, fuzzy discounted payback period criterian can be calculated as follows 
[28]: 
M# P# R 



M   	 
   #
P   	 
 [\[\  #R   	 
    ¡
¡¡¡
¡¡¡
¢
                                                     (5.1) 
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resulting from the following conditions: £M   
 ! ¤  (, £P   
 ! ¤  (,£R  
 ! ¤  ( 
and £M   
 ! ¤ " (, £P   
 ! ¤ " (, £R   
 ! ¤ " ( . 
Here B  [ M#  P# R\,and 2¥  2M# '2P # '2RN 
5.2 Fuzzy Net Present Value 
In crisp case NPV was expressed in Equation 2.3 as follows: 
NPV =  CF&1+rnnt=0   
where CFt  is the net cash flow at period t, and r is the project’s cost of capital.  
Buckley’s membership function for /B.6,
)),
~
|(/,/)
~
|(,()
~
|( 322211 nnnnnnnn NPVVPNyfNPVNPVVPNyfNPVVPNx =µ       (5.2) 
is determined by  
n
kinni ryfFCyfVPNyf
−+= ))~|(1)(
~
|()
~
|(                                                              (5.3) 
for i=1,2 where k=i for negative FC
~
 and k=3-i for positive FC
~
 [23]: 
And TFN(y) for fuzzy NPV is /B.6u  £ 
¦§§)6¨! #  
§¦§)6¨! ¤.                                          (5.4) 
5.3 Fuzzy Equivalent Annual Worth  
According to Equivalent Annual Worth analysis any cash flow is converted to an 
equivalent uniform cash flow. In crisp case it was expressed in Equation 2.8 as 
follows:  +,-.  -  /.'01# 2  /. )')' . 
In the case of fuzziness, FNPV will be calculated and then the fuzzy VAEU
~
)
~
( nA  
will be found [11]. The membership function )
~
/( nAxµ  for )
~
( nA is determined by 
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K65[um->6\  K5[um/B.\0[1# K5um2¥\                                                                (5.5) 
and TFN(y) for fuzzy EUAV is  +,-©.6u  £ ª«¬¦§­6#¦§ # ª«¬§­6#§¤.                                                                   (5.6) 
5.4 Fuzzy Benefit-Cost Ratio  
In crisp case benefit cost ratio is formulated as B/C. In the case of two mutually 
exclusive alternatives following ratios should be used:  
12
12
12
12
−
−
−
−
∆
∆
=
∆
∆
PVC
PVB
C
B
       or      
12
12
12
12
−
−
−
−
∆
∆
=
∆
∆
EUAC
EUAB
C
B
 
In the case of fuzziness, the steps of the fuzzy B/C analysis are given in the following 
[27]: 
1. Calculate the overall fuzzy measure of the benefit to the cost ratio and eliminate 
the alternatives for which we have 
®B >¯  ° ±&¦§§&)& 
&§¦§&)& #  ±&§¦§&)& 
&¦§§&)& ² b B  ,                               (5.7) 
where 2¥  is the fuzzy interest rate, B  is (1; 1; 1), and n denotes the crisp useful life. 
2. Assign the alternative that has the lowest initial investment cost as the 
defender and the next-to-lowest acceptable alternative as the challenger. 
3. Determine the incremental benefits and the incremental costs between the 
challenger and the defender. 
4. Calculate the 
C
B
∆
∆
ratio, assuming that the largest possible value for the cash in 
year t of the alternative with the lowest initial investment cost is less than the least 
possible value for the cash in year t of the alternative with the next-to-lowest initial 
investment cost. 
The fuzzy incremental BCR is 
®B >¯  ³ £±´&¦§±&§¤[§\&)& £
´&§
&¦§¤[¦§\&)& #  £±´&§±&¦§¤[¦§\&)& £
´&¦§
&§¤[§\&)& µN                       (5.8) 
If 
C
B
∆
∆
is greater than or equal  to (1; 1; 1), Alternative 2 is preferred. 
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Up to this point, it is assumed that the alternatives had equal lives. When the 
alternatives have useful lives different from the analysis period, a common multiple 
of the alternative lives (CMALs) is calculated for the analysis period. 
However,frequently, a CMALs for the analysis period hardly seems realistic (e.g. 
CMALs is (7; 13) = 91 years). Instead of conducting an analysis based on the present 
value method, an appropriate way is suggested to compare the annual cash flows 
computed for the alternatives based on their own service lives In the case of unequal 
lives, the following fuzzy 
C
B
~
~
 and 
C
B
~
~
∆
∆
ratios will be used [13]:  
®B >¯  £«¬±¦§­6#¦§«¬
§­6#§ # «¬±§­6#§«¬
¦§­6#¦§¤#                                               (5.9) 
®B >¯  
«¬±¦´§­[6#¦§\«¬±§­[6#§\«¬
 ´§­[6#§\«¬
¦§­[6#¦§\ #«¬±´§­[6#§\«¬±¦§­[6#¦§\«¬
 ¦´§­[6#¦§\«¬
§­[6#§\ ¡
¢
,                                             (5.10) 
where PVB stands for the present value of benefits, PVC is the present value of 
costs. 
5.5 Fuzzy Internal Rate of Return 
Internal rate of return was defined as the discounted rate which equates the net 
present value of the firm to zero. And it was stated in Equation 2.4 as: 
0
1
)1( CFrCF t
n
t
t −=+
−
=
∑  
In fuzzy case as the cash flows are not precise quantites, the equation has changed 
and takes the form of  
0
1
~
)1(
~
FCrFC t
n
t
t −=+
−
=
∑ .                                                                                         (5.11) 
Ward shows that Equation 5.13 can be written as  
0
~
)1(
~
0
1
=−+ −
=
∑ FCrFC t
n
t
t                                                                                       (5.12) 
and he considers and explains that such a procedure can not be applied for the fuzzy 
case because the right hand sight of the equation is zero, 0 is crisp, and an equality is 
impossible [23]. 
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Buckley et al.(2002) indicated that FIRR can be found under certain circumstances. 
In crisp case in order to have one unique solution (to prevent multiple IRRs problem) 
there should be no multiple changes in the sign of cash flows. In other words, initial 
investments should be negative and the other net cashflows should be positive. Like 
in crisp case, Buckley made the following assumptions: 0
~
>tFC , nt ≤≤1 , and 
0
~
0 <FC . 
Using Zadeh’s extension principle Buckley defined   






≤≤∈−=+=Ω −
=
∑ ntFCCFCFrCFr ttt
n
t
t 0],[
~
,)1(|)( 0
1
αα
                                
(5.13) 
If 0
~
>tFC , nt ≤≤1 , and 0
~
0 <FC , then 0
1
~
)1(
~
FCrFC t
n
t
t −=+
−
=
∑  has a unique 
solution for r for all ][
~
αtt FCCF ∈ , nt ≤≤0 , 10 ≤≤ α . In this case, )(αΩ defines 
the α -cuts of a fuzzy internal rate of return number (FIRR) [8]. 
FIRR can be showed simply as: 
( ))()( ~,~)(~ yryl RRIRRIyRRI =                                                                                    (5.14) 
Here )(
~ ylRRI  is the unique solution for r in Equation 5.12 using )( yltCF for tCF , 
nt ≤≤1  and )(0
yrCF for 0CF ;and 
)(~ yrRRI  is the unique solution for r in Equation 
5.12 using )( yrtCF for tCF , nt ≤≤1  and 
)(
0
ylCF for 0CF . In other word, following 
equations are obtained:  B``¶q  · |  ¸¹º»¼ 	 ·º  ¸¹½¼¾º! # ( " ¿ " t# ( " À " Á              (5.15)  B``q  · |  ¸¹º½¼ 	 ·º  ¸¹»¼¾º! # ( " ¿ " t# ( " À " Á                (5.16) 
5.6 Fuzzy Modified Internal Rate of Return 
Modified IRR is defined as the discount rate  which equates the terminal value to the 
present value of the costs. And it was stated as in Equation 2.7 as follows:   COFt1+rtnt=0  =' CIFt1+rn-t nt=0(1+MIRR))    
Here this equation can be restated as follows: 
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C``  Â 
Ã&)&)& Ä&&)&)                                                            (5.17) 
After this point, by using Zadeh’s extension principle, we can define a TFN(y)for 
fuzzy modified internal rate of return as  
C©``u  C©``¶q# C©``q                                                                     (5.18) 
where C©``¶qis the left representation of the triangular fuzzy C©``, and C©``q is the right representation of the triangular fuzzy C©``.  
In more detailed it can be stated as follows: 
C©``u 

Å
 
Ã&¦§[¦§\)&)&  Ä&§£¦§¤&)&
)  #
Â 
Ã&§§)&)&  Ä&¦§§&)&)   ¡
¡¡¢                                                       (5.19) 
where ¨q ¨¶q is the right (left) representation of >¨ , Æ¨q Æ¨¶q 
is the right (left) representation of ÆB¨ , and 2q 2¶q is the right (left) 
representation of 2¥  [29]. 
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6. A NEW PROPOSAL : FUZZY MODIFIED INTERNAL RATE OF 
RETURN 
Let’s look at the Equation 2.6. Here the left side of the Equation 2.6 is the present 
value of the costs. And when calculating this, an interest rate is used defined as r, 
which is the cost of capital. And when looking the same equation again, it can be 
simply seen that the same discount rate, cost of capital, is used to calculate the 
terminal value of the cash inflows. The interpretation of this is that firm can earn a 
rate equals to cost of capital when it reinvest its money obtained as cash inflows of 
the investment. But it is obvious that a firm has usually alternative investments 
which can make money more than a rate of cost of capital.  
In another word, it can be said that reinvestment rate, the interest that firm can 
recieve if it invested in a different project with similar risk, is usually more than cost 
of capital.  
When we take this assumption into account the Equation 2.6 takes the form as 
follows: 
  COFt1+rtnt=0  =' CIFt1+rrn-t nt=0(1+ÇMIRR))                                                                               (6.1) 
and the Equation 5.17 can take the form as follow: 
PC``  Â 
Ã&)&)& Ä&&)&)                                                          (6.2) 
Where PMIRR is abbreviation of Proposed Modified Internal Rate of Return. 
This can be easily understood looking at the Figure 6.1. 
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Figure 6.1 : Proposed Modified Internal Rate of Return 
Determining reinvestment rate is a key point. It is dependent on firms that are going 
to invest. Especially it is dependent on the external investments that the firm can 
reinvest its money which are the cash inflows from the taken alternative. 
Reinvestment rate can be taken as some number higher than cost of capital. And this 
is the decision up to decision maker, the one with the expert knowledge and 
reasonable guesses based on past experience about the alternative investment’s 
economic returns. As an example, If the finance rate is determined as 10%, it can be 
simply taken as 20% higher than finance rate as reinvestment rate, 12%. This 
amount, 20%, is up to expert’s intuition. 
By considering different discount rates for cash inflows and cash outflows, 
investments with different cash flow patterns can be arranged differently from the 
arrangement according to the results of MIRR. In PMIRR importance of cash inflows 
are underlined. 
Now, by using Zadeh’s extension principle, we can define a TFN(y) for fuzzy MIRR 
with two different discount rate as  /C©``u  /C©``¶q# /C©``q                                                               (6.3) 
where /C©``¶qis the left representation of the triangular fuzzy /C©``, and /C©``q is the right representation of the triangular fuzzy /C©``.  
In more detailed it can be stated as follows: 
   Present Value 
        of Costs 
Terminal Value 
    
  CIF 
COF 
MIRRPMIRR 
r  rr 
r  
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/C©``u 


 È
 ÉÊ[u\£	22Ê[u\¤1É1É(  ÆÉ2[u\°	2Ê[u\²É1É(
1 #
È É2u	222u1É1É(  ÆÉÊu	22uÉ1É(
1  ¡¡
¡¡¡
¡¢
                                           (6.4) 
where ¨q ¨¶q is the right (left) representation of >¨ , Æ¨q Æ¨¶q 
is the right (left) representation of ÆB¨ , 2q 2¶q is the right (left) representation 
of 2¥  and r2q 22¶q is the right (left) representation of 22Ë .  
For example, An automotive company wants to buy a CNC machines. They have 
four alternatives which have different economic criterion. We can assume that fuzzy 
discount rate is 2¥ '= (9,11,13%). The main economic characterization of the CNC 
machines is summarized in Table 6.1.  
Table 6.1 : Economic Characterization of Different CNC Alternatives 
  Alternative-1 Alternative-2 Alternative-3 Alternative-4 
Duration 15 15 14 13 
Inıtıal Cost (9500,10750,12500) (6500,7500,87500) (7500,9000,10500) (5800,6500,8000) 
Salvage 
Value 
(2000,2200,2500) (1000,1400,1600) (1980,2000,2450) (850,900,990) 
Cash Flows First Three years First Three years First Three years First Three years 
  (2000,2400,2500) (1500,1700,2000) (1300,1400,1500) (1000,1200,1700) 
  Next Two years Next Two years Next Two years Next Two years 
  (-200,-300,-400) (-200,-300,-400) (-150,-200,-300) (-200,-220,-250) 
  Next Two years Next Seven years Next Five years Next Four Years 
  (2100,2400,2600) (1100,1400,1600) (2100,2700,3000) (1100,1400,1600) 
  Last Eight years Last Three years Last Four years Last Four years 
  (2250,2700,3000) (2100,2200,2300) (2000,2400,2800) (1100,1400,1800) 
 
According to the information about the alternatives, let’s define the MIRR, PMIRR 
and FPMIRR. 
Firstly, MIRR is going to be calculated. For all crsip calculations middle value of 
that quantity is going to be used. For example the triangular fuzzy number for 
discount rate is defined as (9,11,13%) and so for crisp calculation r is choosen as 
11%. 
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Using the Equation 5.17 MIRRs for alternatives are calculated. And results are 
shown in Table 6.2. 
Table 6.2 : MIRRs of CNC Alternatives 
 Alternative-1 Alternative-2 Alternative-3 Alternative-4 
MIRR 13.46% 12.70% 13.37% 12.48% 
According to Table 6.2 alternatives can be ordered as follows: 
Alternative-1> Alternative-3> Alternative-2> Alternative-4 .  
Now let’s calculate the PMIRR. For calculation PMIRR we assume that this 
automotive company has a reinvesment rate of 12,5%.  
Using Equation 6.2 , PMIRRs for alternatives are calculated.  And results are shown 
in Table 6.3. 
Table 6.3 : PMIRRs of CNC Alternatives 
 Alternative-1 Alternative-2 Alternative-3 Alternative-4 
PMIRR 14.29% 13.55% 14.10% 13.31% 
According to Table 6.3 alternatives can be ordered as follows: 
Alternative_1> Alternative_3> Alternative_2> Alternative_4.   
Using the Equation 6.4 fuzzy PMIRR of each alternative can be calculated using a 
triangular fuzzy reinvestment rate which is taken as (%11.875,%12.5,%13.125).  
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FPMIRR of each alternative is shown in Table 6.4. The graph of the fuzzy PMIRR 
for each alternative is created by Ms Excel and it is proposed in Figure 6.2. 
Table 6.4 : FPMIRRs of CNC Alternatives 
 
Alternative-1 Alternative-2 Alternative-3 Alternative-4 
FPMIRR (0.1146,0.1429,0.1626) (0.1075,0.1355,0.1615) (0.1107,0.1410,0.1684) (0.1001,0.1331,0.1567) 
 
Figure 6.2 : Triangular Fuzzy PMIRR for CNC Alternatives 
To give a selection decision of CNCs according to fuzzy PMIRR, these triangular 
fuzzy numbers should be ranked.  
Based on the Table 6.4, each alternative is ordered by Liou and Wang’s method.  
By using Liou and Wang’s method IRRIPM
~
 is deffuzified as follows: 
( )1626.0,1429.0,1146.0~ =IRRIPM  
cbaAI
22
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2
1
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(
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−
=      
If the index of optimism is 0.5 (objective) then, 
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−
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The results of this outranking are summarized in Table 6.5. 
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Table 6.5 : Ranking Order of CNCs According to Liou and Wang’s Ranking Method 
  α Alternative_1 Alternative_2 Alternative_3 Alternative_4 
Ranking 
Results 
0,5 
(Objective) 
0,14077 0,13500 0,14029 0,13076 
According to the information in Table 6.5, for an objective α four alternatives ranked 
as follows: Alternative-1> Alternative-3> Alternative-2> Alternative-4.   
Based on the Figure 6.2, by using Yuan’s method, first degree of bigness of each 
alternative is calculated and then each alternative is ordered by Yuan’s ranking 
method. And the results are shown in Table 6.6. 
Table 6.6 : Ranking Order of CNCs According to Yuan’s Ranking Method 
Alternatives ∆ij ∆ji Degree of Bigness Decision 
I-II 0,032 0,020 0,611 I is better than II 
I-III 0,082 0,026 0,759 I is better than III 
I-IV 0,037 0,017 0,685 I is better than IV 
III-II 0,033 0,023 0,594 III is better than II 
II-IV 0,032 0,022 0,593 II is better than IV 
III-IV 0,039 0,020 0,663 III is better than IV 
  
According to Table 6.6 alternatives should be ranked as follows:  
Alternative-1> Alternative-3> Alternative-2> Alternative-4.   
So both Liou and Wang’s and Yuan’s methods points the same results for fuzzy 
PMIRRs. 
In this application the results of the MIRR and PMIRR for evaluation points the 
same result. But this doesn’t mean that it is always going to happen like that. It 
depends on the cash flow pattern of each alternative. Also, in this application, 
PMIRR and FPMIRR indicates the same ranking result of Alternative_1> 
Alternative_3> Alternative_2> Alternative_4 to decision maker. Although the results 
of PMIRR and FPMIRR is same in this application, it can be different with another 
cash flow data and discount rates or simply with a different ranking method used in 
deffuzification of FPMIRR due to the inherence of fuzzy approach.  
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7. COMPARISON OF TWO FUZZY CAPITAL INVESTMENTS BY CRISP 
AND FUZZY CAPITAL BUDGETING TECHNIQUES 
In this part, using capital budgeting techniques and fuzzy capital budgeting 
techniques two capital investments are analyzed and compared with each other. 
These capital investments are wind farm projects planted in two different location in 
Turkey. Each wind farm plant has its own revenue and cost based on its capability to 
produce electricity investment. In Table 7.1 investment breakdown of each plant is 
summarized. 
Table 7.1 : Investment Breakdown of Each Plant 
INVESTMENT BREAKDOWN Plant-A Plant-B 
Wind Turbines ( inc. Transportation, Erection..) € 6,250,000 3,500,000 
Foundation Construction € 150,000 90,000 
Cable Network € 300,000 180,000 
Project Planning € 200,000 120,000 
Electrification € 50,000 30,000 
Others € 30,000 18,000 
Total Investment € 6,980,000 3,938,000 
Different locations can capture different amount of useable wind energy and convert 
it to electricty. So each plant has its own capacity to produce electricity. In Table 7.2 
production capacities of each plant is summarized. 
Table 7.2 : Production Capacities of Each Plant 
 Plant-A Plant-B 
Wind Farm Gross AEP 19,972,800 kWh/Year 11,983,680 kWh/Year 
AEP Systematical Losses 5% 5% 
Wind Farm Net AEP 18,974,160 kWh/Year 11,384,496 kWh/Year 
Here AEP is the abbreviation for American Electric Power. And %5 is the 
systematical losses during working. The values of electricity sales prices, average 
annual electricity sales price increase, operating and maintenance expenses and wind 
farm annual operating cost increase are same for each plant and shown in Table 7.3.  
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Table 7.3 : Unit Sale Price and Unit Cost 
Electricity Sales Price 0.0650 €/kWh 
Operating and Maintenance Expenses 0.0065 €/kWh 
Average Annual Electricity Sales Price Increase 5% 
Wind Farm Annual Operating Cost Increase 3% 
These wind farm projects are depreciated over ten years using straight line method. 
The value added tax (VAT) ratio is 18% and Tax rate (corporate) is %20. Using the 
information above, first Income Statement and then Cash Flow Statement is 
obtained. In Table 7.4 Income Statement of Plant-A for three years and in Table 7.5 
Cash Flow Statement of Plant-A for first five years are shown. The complete Income 
Statement and Cash Flow Statements for both plants are shown in Appendix B.1 and 
C.1. 
Table 7.4 : Income Statement Plant-A for First Three Years 
INCOME STATEMENT Periods 
 1 2 3 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.065 0.06825 0.0716625 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,233,320 1,294,986 1,359,736 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 221,998 233,098 244,752 
Total Income (€) 1,233,320 1,294,986 1,359,736 
Operating and Maintenance Expenses (€/kWh) 0.0065 0.006695 0.00689585 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 123,332 127,032 130,843 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 698,000 698,000 698,000 
VAT to be Paid for Operational Expenses (€) 22,200 22,866 23,552 
VAT Value (€) 199,798 210,232 221,201 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 199,798 210,232 221,201 
Total Operating Expenses (€) 821,332 825,032 828,843 
Gross Operating Profit (€) 411,988 469,954 530,893 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 411,988 469,954 530,893 
Corporate Tax (€) 82,398 93,991 106,179 
Net VAT Collected (€) 199.798 210,232 221,201 
VAT Collected (€) 221,998 233,098 244,752 
VAT Paid (€) 22,200 22,866 23,552 
Net Profit / Loss (€) 529,389 586,195 645,915 
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Table 7.5 : Cash Flow Statement of Plant-A for First Five Years 
CASH FLOW STATEMENT PERIOD 
 0 1 2 3 4 
Cash Flow From Operating Activities      
Net Profit / Loss (€)  529,389 586,195 645,915 708,695 
Depreciation (€)  698,000 698,000 698,000 698,000 
VAT Payable (€)  -199,798 -210,232 -221,201 -232,732 
Cash Flow From Investment Activities 
(€) 
     
Wind Farm Investment (€) -6,980,000     
      
Net Cash Flow (€) -6,980,000 1,027,591 1,073,964 1,122,714 1,173,963 
7.1 Capital Budgeting Techniques 
The cost of capital is taken as %10 and capital budgeting techniques are calculated 
for plant-A and plant-B. 
-Discounted Payback Period: 
DPP = Year before full recovery + 
Unrecovered cost at start of year
Cash flow during year
  
where discounted cash flows are used. 
DPPA = Ì 	 Í#OÎ#Í#O8V#ÎOQOV#S8  ÌN(Ì year. 
DPPB = Ï 	 S#O8Î#S#ÐQS#QÍSSÐ8#QSS  ÏN year 
-Net Present Value: 
ÑÇÒ'Ó º	


 
ÑÇÒ  Ô#ÌÏ(#((( 	 #($Õ#Ì 	 (N 	 #(ÕX#ÌÔY 	 (N8 	Ö	 $#$(Ô#XY 	 (NO ÑÇÒ  ×Y#Y$#$Õ'NÑÇÒØ  X#ÌXÏ#((( 	 Ô#Y 	 (N 	 ÔXÌ#XÕÏ 	 (N8 	Ö	 #X$X#Ì$ 	 (NO ÑÇÒØ  ×$#ÏÌ(#ÔX$'N
-Equivalent Annual Worth: 
ÙÚ  ÑÇÒ  	 26'2 	 26  ' 
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ÙÚ='Y#Y$#$Õ' £NÛNNÛ¤ ÙÚ  X$#$X ×ÜÀÝ·. ÙÚØ='$#ÏÌ(#ÔX$ £NÛNNÛ¤
 ÙÚØ  XY#ÔÔ'€/year. 
-Internal Rate of Return:  Þ	
 

Ô#ÌÏ(#((( 	 #($Õ#Ì 	 (N 	 #(ÕX#ÌÔY 	 (N8 	Ö	 $#$(Ô#XY 	 (NO  (
A7.49%.
X#ÌXÏ#((( 	 Ô#Y 	 (N 	 ÔXÌ#XÕÏ 	 (N8 	Ö	 #X$X#Ì$ 	 (NO  (
B8.5
%.
-Benefit-Cost Ratio: 
ß¸à  ß¸

ß¸à  ß¸  #($Õ#Ì 	 (N 	 #(ÕX#ÌÔY 	 (N8 	Ö	 $#$(Ô#XY 	 (NOÔ#ÌÏ(#(((  ß¸à = 1.64>1. 
ß¸àØ  ßØ¸Ø  Ô#Y 	 (N 	 ÔXÌ#XÕÏ 	 (N8 	Ö	 #X$X#Ì$ 	 (NOX#ÌXÏ#(((  ß¸àØ = NÕX'N 
-Incremental Benefit-Cost Ratio: 
®`A±  ®A±A± '
 °#($Õ#Ì	 (N 	#(ÕX#ÌÔY 	 (N$ 	Ö	 $#$(Ô#XY 	 (NÌ²  ° Ô#Y 	 (N	 ÔXÌ#XÕÏ 	 (N$	Ö	 #X$X#Ì$	 (NÌ²ÔNÌÏ(N(((  XNÌXÏN(((  ®`A±'=1.51>1. 
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Results of calculations are summarized in Table 7.6 as follows: 
Table 7.6 : Comparison of Investments in Crisp Case 
CRISP CASE 
Criteria Plant-A Plant-B 
DPP ÌN(Ì year ÏN year 
NPV €Y#Y$#$Õ €$#ÏÌ(#ÔX$ 
EAW X$#$X €/year XY#ÔÔ' €/year 
IRR 17.49%
 
18.50%
 
BCR 1.64 1.73 ß¸à 1.51 
Let’s evaluate and compare these investments according to fuzzy capital budgeting 
techniques.  
7.2 Fuzzy Capital Budgeting Techniques 
All of the crisp quantites for both plants, except wind Farm Gross AEP, VAT ratio, 
tax rate and depreciation ratio, are converted into fuzzy triangular numbers. These 
information is summarized in Table 7.7 and Table 7.8 as follows: 
Table 7.7 : Investment Breakdown as TFN 
INVESTMENT BREAKDOWN Plant-A Plant-B 
Wind Turbines  
(inc. Transportation,Erection..) € 
(5,937,500, 6,250,000, 6,562,500) (3,325,000, 3,500,000, 3,675,000) 
Foundation Construction € (142,500, 150,000, 157,500) (85,500, 90,000, 94,500) 
Cable Network € (285,000, 300,000, 315,000) (171,000, 180,000, 189,000) 
Project Planning € (194,000, 200,000, 206,000) (116,400, 120,000, 123,600) 
Electrification € (48,500, 50,000, 51,500) (29,100, 30,000, 30,900) 
Others € (29,100, 30,000, 30,900) (17,460, 18,000, 18,540) 
Total Investment € (6,636,600, 6,980,000, 7,323,400) (3,744,460, 3,938,000, 4,131,540) 
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Table 7.8 : Prices, Costs, Losses, Price and Cost Increases as TFN 
Prices,Costs,Losses,Price and Cost Increases TFNs 
AEP Systematical Losses  (%) (4, 5, 6) 
Electricity Sales Price  (€/kWh) (6, 6.5, 7) 
Operating and Maintenance Expenses  (€/kWh) (0.6, 0.65, 0.7) 
Average Annual Electricity Sales Price Increase  (%) (4.5, 5, 5.5) 
Wind Farm Annual Operating Cost Increase  (%) (2.5, 3, 3.5) 
Using these TFNs all net cash flows of each plant is calculated as TFNs. In Table 7.9 
Fuzzy Income Statement of Plant-A and in Table 7.10 Fuzzy Cash Flow Statement of 
Plant-A for first two years is shown. The complete Fuzzy Income Statement and 
Fuzzy Cash Flow Statements for both plants are shown in Appendix D.1 and E.1. 
Table 7.9 : Fuzzy Income Statement of Plant-A for First Two Years 
FUZZY  INCOME 
STATEMENT 
1. Period 2. Period 
  crisp left right crisp left right 
 
AEP (kWh/year) 
 
18,974,160 
 
18,774,432 
 
19.173.888 
 
18.974.160 
 
18.774.432 
 
19.173.888 
Sales Price (€/kWh) 0.065 0.06 0.07 0.06825 0.0627 0.07385 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,233,320 1,126,466 1,342,172 1,294,986 1,177,157 1,415,992 
VAT Ratio 0,18 0,18 0,18 0,18 0,18 0,18 
Collected VAT (€) 221,998 202,764 241,591 233,098 211,888 254,878 
Total Income (€) 1,233,320 1,126,466 1,342,172 1,294,986 1,177,157 1,415,992 
Operating and Maintenance 
Expenses (€/kWh) 
0.0065 0.007 0.006 0.006695 0.007245 0.00615 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 123,332 131,421 115,043 127,032 136,021 117,919 
Depreciation Value (€)  6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational 
Expenses (€) 
22,200 23,656 20,708 22,866 24,484 21,225 
VAT Value (€) 199,798 179,108 220,883 210,232 187,405 233,653 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 199,798 179,108 220,883 210,232 187,405 233,653 
Total Operating Expenses (€) 821,332 795,081 847,383 825,032 799,681 850,259 
Gross Operating Profit (€) 411,988 331,385 494,789 469,954 377,476 565,732 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 411,988 331,385 494,789 469,954 377,476 565,732 
Corporate Tax (€) 82,398 66,277 98,958 93,991 75,495 113,146 
Net VAT Collected (€) 199,798 179,108 220,883 210,232 187,405 233,653 
VAT Collected (€) 221,998 202,764 241,591 233,098 211,888 254,878 
VAT Paid (€) 22,200 23,656 20,708 22,866 24,484 21,225 
        
Net Profit / Loss (€) 529,389 444,216 616,714 586,195 489,385 686,239 
Net Profit / Loss as TFN (€) (444,216, 529,389, 616,714) (498,385, 586,195, 686,239) 
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Table 7.10 : Fuzzy Cash Flow Statement of Plant-A for First Two Years 
FUZZY CASH FLOW 
STATEMENT 
0.Period 1.Period 
  crisp left right crisp left right 
Cash Flow From Operating Activities       
Net Profit / Loss (€)    529,389 444,216 616,714 
Depreciation (€)    698,000 663,660 732,340 
VAT Payable (€)    -199,798 -179,108 -220,883 
Cash Flow From Investment Activities       
Wind Farm Investment (€) -6,980,000 -7,323,400 -6,636,600    
       
Net Cash Flow (€) -6,980,000 -7,323,400 -6,636,600 1,027,591 928,768 1,128,171 
Net Cash Flow as TFN (€) (-7,323,400, -6,980,000, -6,636,600) (928,768, 1,027,591, 1,128,171) 
Using the fuzzy net cash flows of both plants and fuzzy cost of capital 2¥=(8%,10%,12%), fuzzy capital budgeting criteria for both plants are calculated. 
-Fuzzy Discounted Payback Period: áÇDÇA is calculated as follows: 
M# P# R 



M   	 
   #
P   	 
 [\[\  #R   	 
    ¡
¡¡¡
¡¡¡
¢
  
áÇDÇA 


 Õ   	
Ô#ÔXÔ#Ô((£#$Ï#ÕNâ #âã#Û´äNâ´ Ö#ããå#äæNâä ¤#å´#´å´Nâæ  #
(   	 Í#OÎ#£#´æ#åÛN#æç#ÛäãN´Ö#ãæ´#çåãNÛ ¤#åã#ãÛ´N  #èY   	 Õ#X$X#Y((£Ì$Ï#ÕÔÏN´Ûäå#äãN´´ Ö#çäÛ#ãçN´ç ¤#ãç´#ä´åN´ã é  ¡
¡¡¡
¡¡¢
  
áÇDÇA '(6.88, 9.09, 13.79). 
By using Liou and Wang’s method FDPPB is deffuzified as follows: 
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[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
ê//A  ³  (N  ÔNÏÏ$ µ 	 °ÌN(Ì$ ² 	 °(N  XNÕÌ$ ²  ÌNÕ 
áÇDÇ± 


 Õ   	
X#ÕYY#YÔ(£ÔÕ#ÔXNâæå#æåNâ´ Öâä´#åçNâä ¤Ûä#ÛNâæ  #
Ì   	 S#OSÎ#£ ä#ååãN äçÛ#çæâN´Ö âæâ#ã´Nâ¤ÛÛ#âÛåNÛ  #èX   	 Y#X#Y(£$#N´åæã#äçåN´´ Öæâå#çâåN´´ ¤â´#äãâN´ç é  ¡
¡¡¡
¡¡¢
  
áÇDÇ± '(6.48, 8.50, 12.49).  
By using Liou and Wang’s method FDPPB is deffuzified as follows: [->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
ê//A  ³  (N  ÔNYÏ$ µ 	 °ÏN($ ² 	 °(N  $NYÌ$ ²  ÏNÌÌ 
-Fuzzy Net Present Value: 
/B.u  èÓ ¶q 	 2q66¨! #Ó q 	 2¶q66¨! é' /B.Au 
 
 ³Õ#X$X#Y(( 	 XYX#Y((u 	 (N$  (N($u µ 	 ³Ì$Ï#ÕÔÏ 	 ÌÏ#Ï$XuN$  (N($u µ 	 Ö	 ³#ÕÌY#ÌX( 	 Y#Ô(YuN$  (N($uO µ #³Ô#ÔXÔ#Ô((  XYX#Y((u 	 (N(Ï 	 (N($u µ 	 ³#$Ï#Õ  ((#Ï(uN(Ï 	 (N($u µ 	 Ö	 ³$#ÔÕ#$$  YÔY#ÔÌ(uN(Ï 	 (N($uO µ ¡
¢
 
/B.Au  #$Ô#Õ(Ô 	 X#Ì(#$u# Ï#ÕÏ#Õ$  Y#$ÔÔ#YÔÕu'  /B.A  (1,261,706, 4,452,257, 8,718,725) . 
By using Liou and Wang’s method FNPV is deffuzified as follows: 
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[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, /.A  £NQ#8Í#ÐÍ8 ¤ 	 £V#VQ8#8QÐ8 ¤ 	 £NQÎ#ÐÎ#Ð8Q8 ¤  Y#Õ$#$XÔ  /B.±u 
 
³Y#X#Y( 	 ÌX#Y(u 	 (N$  (N($u µ 	 ³$# 	 Ì#(YYuN$  (N($u µ 	 Ö	 ³#(ÕÔ#ÌÏ 	 $YÔ#ÌÔ$uN$  (N($uO µ #³X#ÕYY#YÔ(  ÌX#Y(u 	 (N(Ï 	 (N($u µ 	 ³ÔÕ#ÔX  Ô(#(ÌÏuN(Ï 	 (N($u µ 	 Ö	 ³#Ô($#ÕX  $ÕÏ#ÏYuN(Ï 	 (N($uO µ ¡
¢
 
/B.±u  ÌÌ$#ÔÏ 	 #ÏÌÕ#ÌYÕu# #YXX#(Õ  $#Y$#ÏÕu'  /B.±  ÌÌ$#ÔÏ# $#ÏÌ(#ÔX$# #YXX#(Õ . 
By using Liou and Wang’s method FNPV is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, /.±  £NQOO8#ÍÎQ8 ¤ 	 £8#ÎO#ÍS88 ¤ 	 £NQQ#VSS#QÐ8 ¤  X#(#ÏÔY  
FNPVs of both plants are shown in Figure 7.1. 
 
Figure 7.1: Fuzzy Net Present Value of Each Plant 
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-Fuzzy Equivalent Annual Worth: +->ëu  £ ª«¬¦§­6#¦§ # ª«¬§­6#§¤  +->ëAu 
  #$Ô#Õ(Ô 	 X#Ì(#$u° N(Ï 	 (N($uO  (N(Ï 	 (N($uN(Ï 	 (N($uO² # Ï#ÕÏ#Õ$  Y#$ÔÔ#YÔÕu° N$  (N($uO  (N$  (N($uN$  (N($uO² +->ëAu  X#XÕÏ 	 Y((#ÏÕu# #ÏX#ÔÏ(  Ô#Y$Õu +->ëA  (131,378, 532,253, 1,183,680) .  
By using Liou and Wang’s method FEAW is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0,5 (objective) then, 
+-ëA  ³  (N  X#XÕÏ$ µ 	 °X$#$X$ ² 	 °(N  #ÏX#ÔÏ($ ²  ÌY#ÏÌ +->ë±u 
  ÌÌ$#ÔÏ 	 #ÏÌÕ#ÌYÕu° N(Ï 	 (N($uO  (N(Ï 	 (N($uN(Ï 	 (N($uO² # #YXX#(Õ  $#Y$#ÏÕu° N$  (N($uO  (N$  (N($uN$  (N($uO² +->ë±u  (X#XÔÔ 	 $Y$#$((u# ÕXÕ#ÔÔÌ  XÌ$#(Xu +->ë± '(103,366, 345,566, 737,669). 
By using Liou and Wang’s method FEAW is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
+-ë±  ³  (#  (X#XÔÔ$ µ 	 °XY#ÔÔ$ ² 	 °(N  ÕXÕ#ÔÔÌ$ ²  XÏX#(Y$ 
FEAWs of both plants are shown in Figure 7.2. 
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Figure 7.2 : Fuzzy Equivalent Annual Worth of Each Plant 
-Fuzzy Internal Rate of Return: 
( ))()( ~,~)(~ yryl RRIRRIyRRI =  
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By using Liou and Wang’s method FIRR is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0,5 (objective) then, 
``A  ³  (N  (NYY$$ µ 	 °(NÕYÌ$ ² 	 °(N  (N$(ÔÌ$ ²  (NÕ$ àDàØ»¼  î· | $# 	 Ì#(YYÀ[ 	 àà»¼\ 	Ö	 #(ÕÔ#ÌÏ 	$YÔ#ÌÔ$À	ààlÀÌX#ÕYY#YÔ(ÌX#Y(À'  
 B``±¶q  (NXX 	 (N(XÕu àDàØ½¼  î· | ÔÕ#ÔX  Ô(#(ÌÏÀ[ 	 àà½¼\ 	Ö	 #Ô($#ÕX $ÕÏ#ÏYÀ	àà·ÀÌ−−Y#X#Y(	ÌX#Y(À  
 B``±q  (N$Ï  (N(XXu  B``±u  (NXX 	 (N(XÕu# (N$Ï  (N(XXu  B``± '(NXX#'(NÏ(#'(N$ÏN'
By using Liou and Wang’s method FIRR is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
``±  ³  (N  (NXX$ µ 	 °(NÏ($ ² 	 °(N  (N$Ï$ ²  (NÏX 
FIRRs of both plants are shown in Figure 7.3. 
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Figure 7.3 : Fuzzy Internal Rate of Return of Each Plant 
-Fuzzy Benefit-Cost Ratio: 
®>`  è ®¶¨q 	 2q¨6¨! ¨q 	 2¶q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¨6¨! é ®>`A  
 
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O\¤Õ#X$X#Y(( 	 XYX#Y((uN$  (N($u  ¡
¢
 
®>`Au  NÕ 	 (NYÔÔu# $NX  (NÔÕÌu ®>`A  NÕ# NÔY# $NX .  
By using Liou and Wang’s method FBCR is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
®`A  ³  (N  NÕ$ µ 	 °NÔY$ ² 	 °(N  $NX$ ²  NÔÌ 
 
0,0
0,2
0,4
0,6
0,8
1,0
10,000 15,000 20,000 25,000
µ(x)
Internal Rate of Return (%)
Plant-A
Plant-B
 
66
®>`±  
 
'$# 	 Ì#(YYuN$  (N($u 	 Ö	 [#(ÕÔ#ÌÏ 	 $YÔ#ÌÔ$uN$  (N($uO\X#ÕYY#YÔ(  ÌX#Y(uN(Ï 	 (N($u #'£ÔÕ#ÔX  Ô(#(ÌÏuN(Ï 	 (N($u 	 Ö	'[#Ô($#ÕX  $ÕÏ#ÏYuN(Ï 	 (N($uO\¤Y#X#Y( 	 ÌX#Y(uN$  (N($u  ¡
¢
 
®>`±u  N$Y 	 (NYÌXÕu# $NY  (NÕÕ(u ®>`±  N$Y# NÕX# $NY .  
By using Liou and Wang’s method FBCR is deffuzified as follows: 
[->\    ?$ F 	 $ G 	 ?$ H 
If the index of optimism is 0.5 (objective) then, 
®`±  ³  (N  N$Y$ µ 	 °NÕX$ ² 	 °(N  $NY$ ²  NÕÌ 
-Incremental Fuzzy Benefit-Cost Ratio: 
Because of the ®` of each plant is bigger than 1, then we have to calculate the 
fuzzy incremental BCR in order to compare the plants. 
®>`A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[Ì$Ï#ÕÔÏ 	 ÌÏ#Ï$Xu  ÔÕ#ÔX  Ô(#(ÌÏu\N$  (N($u 	Ö	 [#ÕÌY#ÌX( 	 Y#Ô(Yu  #Ô($#ÕX $ÕÏ#ÏYu\N$  (N($uO[Õ#X$X#Y((	 XYX#Y((u  X#ÕYY#YÔ( ÌX#Y(u\N(Ï 	 (N($u #[#$Ï#Õ  ((#Ï(u  $# 	 Ì#(YYu\N(Ï 	 (N($u 	Ö	 [$#ÔÕ#$$  YÔY#ÔÌ(u  #(ÕÔ#ÌÏ 	 $YÔ#ÌÔ$u\N(Ï 	 (N($u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  ¡
¢
 
®>`A±u  (N$ 	 (NÌÌXÀ# XNXÕ  NÏÕÀ ®>`A±  (N$# N# XNXÕ. 
Here the possibility of BCR=1 can be obtained as follows: u  NQ8NOOS  (NYÏ$Ì  
By using Liou and Wang’s method FBCR is deffuzified as follows: 
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If the index of optimism is 0.5 (objective) then, 
®`  ³  (N  (N$$ µ 	 °N$ ² 	 °(N  XNXÕ$ ²  NÕX 
F®` of plants is shown in Figure 7.4. 
 
Figure 7.4 : Fuzzy Incremental Benefit Cost Ratio 
Results of fuzzy capital budgeting calculations and deffuzification of them for each 
plant are summarized in Table 7.11, Table 7.12 and Table 7.13. In Table 7.11 and 
Table 7.12 fuzzy results of plant-A and plant-B are defined as intervals and 
defuzzified values with three different index of optimism. In Table 7.13 all results of 
techniques are summarized as intervals and defuzzified value with an objective index 
of optimisim. 
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Table 7.11 : Fuzzy Results of Plant-A 
FUZZY CASE - A 
Criteria Intervals Defuzzified 
α  
FDPP 
year 
(6.88, 9.09, 13.79) 0.1 (Pessimistic) 8.33 
0.5 (Objective) 9.71 
0.9 (Optimistic) 11.10 
FNPV 
€ 
(1,261,706, 4,452,257, 8,718,725) 0.1 3,229,832 
0.5 4,721,236 
0.9 6.212,640 
FEAW 
€/year 
(131,378, 532,253, 1,183,680) 0.1 384,431 
0.5 594,891 
0.9 805,352 
FIRR 
% 
(14.42, 17.49, 20.69) 0.1 16.27 
0.5 17.52 
0.9 18.78 
FBCR (1.17, 1.64, 2.31) 0.1 1.46 
0.5 1.69 
0.9 1.92 
Table 7.12 : Fuzzy Results of Plant-B 
FUZZY CASE - B 
Criteria Intervals Defuzzified 
α  
FDPP 
year 
(6.48, 8.50, 12.49) 0.1 (Pessimistic) 7.79 
0.5 (Objective) 8.99 
0.9 (Optimistic) 10.19 
FNPV 
€ 
(992,685, 2,890,632, 5,433,507) 0.1 2,163,699 
0.5 3,051,864 
0.9 3,940,028 
FEAW 
€/year 
(103,366, 345,566, 737,669) 0.1 256,181 
0.5 383,042 
0.9 509,902 
FIRR 
% 
(15.33, 18.50, 21.81) 0.1 17.24 
0.5 18.53 
0.9 19.83 
FBCR (1.24, 1.73, 2.45) 0.1 1.55 
0.5 1.79 
0.9 2.03 
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Table 7.13 : Comparison of Investments in Both Interval and Defuzzified Case 
Criteria 
INTERVAL DEFUZZIFIED 
A B A B 
DPP year (6.88, 9.09, 13.79) (6.48, 8.50, 12.49) 9.71 8.99 
NPV € (1,261,706, 4,452,257, 8,718,725) 
(992,685, 2,890,632, 
5,433,507) 
4,721,236 3,051,864 
EAW 
€/year 
(131,378, 532,253, 
1,183,680) 
(103,366, 345,566, 737,669) 594,891 383,042 
IRR % (14.42, 17.49, 20.69) (15.33, 18.50, 21.81) 17.52 18.53 
BCR (1.17, 1.64, 2.31) (1.24, 1.73, 2.45) 1.69 1.79 
∆BCR (0.52, 1.51, 3.37) 1.73 
Table 7.13 denotes the following information: 
FDPPA is (6.88, 9.09, 13.79). This means that DPP value of Plant-A can be between 
the least possible value of 6.88 year and the largest possible value of 13.79 year. And 
its most possible value is 9.09 year. When FDPPA is deffuzified with an objective 
index of optimism, it becomes 9.71 year. Similarly FDPPB is (6.48, 8.50, 12.49). This 
means that DPP value of Plant-B can be between the least possible value of 6.48 year 
and the largest possible value of 12.49 year. And its most possible value is 8.5 year. 
When FDPPB is deffuzified with an objective index of optimism, it becomes 8.99 
year. 
FNPVA is a TFN of (1,261,706, 4,452,257, 8,718,725). This means that NPV value 
of Plant-A can be between the least possible value of € 1,261,706 and the largest 
possible value of € 8,718,725. And its most possible value is € 4,452,257. When 
FNPVA is deffuzified with an objective index of optimism, it becomes € 4,721,236. 
FNPVB is a TFN of (992,685, 2,890,632, 5,433,507). This means that NPV value of 
Plant-B can be between the least possible value of € 992,685 and the largest possible 
value of € 5,433,507. And its most possible value is € 2,890,632. When FNPVB is 
deffuzified with an objective index of optimism, it becomes € 3,051,864 
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FEAWA is a TFN of (131,378, 532,253, 1,183,680). This means that EAW value of 
Plant-A can be between the least possible value of 131,378 €/year and the largest 
possible value of 1,183,680 €/year. And its most possible value is 532,253 €/year. 
When FEAWA is deffuzified with an objective index of optimism, it becomes 
594,891 €/year. FEAWB is a TFN of (103,366, 345,566, 737,669). This means that 
EAW value of Plant-B can be between the least possible value of 103,366 €/year and 
the largest possible value of 737,669 €/year. And its most possible value is 345,566 
€/year. When FEAWB is deffuzified with an objective index of optimism, it becomes 
383,042 €/year. 
FIRRA is a TFN of (14.42, 17.49, 20.69). This means that IRR value of Plant-A can 
be between the least possible value of 14.42% and the largest possible value of 
17.49%. And its most possible value is 20.69%. When FIRRA is deffuzified with an 
objective index of optimism, it becomes 17.52%. FIRRB is a TFN of (15.33, 18.50, 
21.81). This means that IRR value of Plant-B can be between the least possible value 
of 15.33% and the largest possible value of 18.50%. And its most possible value is 
21.81%. When FIRRB is deffuzified with an objective index of optimism, it becomes 
18.53%. 
FBCRA is a TFN of (1.17, 1.64, 2.31). This means that BCRA value of Plant-A can 
be between the least possible value of 1.17 and the largest possible value of 2.31. 
And its most possible value is 1.64. When FBCRA is deffuzified with an objective 
index of optimism, it becomes 1.69. FBCRB is a TFN of (1.24, 1.73, 2.45). This 
means that BCR value of Plant-B can be between the least possible value of 1.24 and 
the largest possible value of 2.45. And its most possible value is 1.73. When FBCRB 
is deffuzified with an objective index of optimism, it becomes 1.79.  
FBCR is a TFN of'(N$# N# XNXÕ. This means that incremental BCR can be 
between the least possible value of (N$'and the largest possible value of N. And 
its most possible value is XNXÕ. The possibility of BCR=1 is (NYÏ$Ì. When FBCR 
is deffuzified with an objective index of optimism, it becomes 1.73.  
7.3 Evaluation of the Results 
Both the crisp and fuzzy calculations are summarized in Table 7.14 as follows: 
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Table 7.14 : Comparison of Investments in Both Crisp, Interval and Defuzzified 
Case 
Criteria 
CRISP INTERVAL DEFUZZIFIED 
A B A B A B 
DPP 
year 
9.09 8.5 (6.88, 9.09, 13.79) (6.48, 8.50, 12.49) 9.71 8.99 
NPV 
€ 
4,452,257 2,890,632 
(1,261,706, 
4,452,257, 
8,718,725) 
(992,685, 
2,890,632, 
5,433,507) 
4,721,236 3,051,864 
EAW 
€/year 
532,253 345,566 
(131,378, 532,253, 
1,183,680) 
(103,366, 345,566, 
737,669) 
594,891 383,042 
IRR 
% 
17.49 18.50 
(14.42, 17.49, 
20.69) 
(15.33, 18.50, 
21.81) 
17.52 18.53 
∆BCR 1.51 (0.52, 1.51, 3.37) 1.73 
When we look at the result of DPP criteria. it is obviously seen that plant-B takes less 
time to recapture the original investment amount. Also the internal rate of return of 
plant-B is higher than the other one. Because discounted payback period method 
ignores the cash flows beyond the payback time and there can be conflicts between 
IRR and NPV results, these criteria are not sufficient to say that plant-B is preferable 
to plant-A.  Looking at net present value, it can be seen that plant-A increases the 
whealth of shareholders one and a half times as much as plant-B does. Also 
according to equivalent annual worth analysis results, plant-A has an EAW of 
€532,253 where plant-B has €345.566. Also ®Ü value is bigger than 1. So 
according to crisp capital budgeting techniques, plant-A is preferable to plant-B.  
According to the results of fuzzy calculations summarized in Table 7.14, it can be 
said that plant-B is going to recapture its initial investment before than plant-B. Also 
the FIRR* of plant-B is higher than plant-A. But because there can be conflicts 
between IRR and NPV results, FIRR* is not sufficient to give the decision of which 
plant is more preferable. Looking at FNPV*, it can be seen that plant-A increases the 
whealth of shareholders with a value of € 4,721,236 where plant-B increases € 
3,051,864. Moreover according to fuzzy equivalent annual worth analysis results, 
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plant-A has an EAW* of 594,891 €/year where plant-B has 383,042 €/year. 
Furthermore, BCRA can be get the minimum value of  (N$ and the possibility of BCR=1 is 0.4829. But FBCR* has a value of 1.73 that is bigger than 1 and so 
favoring the plant-A against plant-B.  
So according to fuzzy capital budgeting techniques, plant-A is preferable to plant-B 
as it is in crisp case. Then it can be said that plant-A is preferable to plant-B 
according to both crisp and fuzzy cases.  
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8. CONCLUSION 
Capital expenditures often involve large cash outlays with major implications on the 
future values of the company. And once a capital expenditure is made, then it is 
usually very difficult to back out. So before making a long-term investment decision, 
managers should analyze and evaluate the alternatives well. The widely used 
methods for evaluating long term investments are capital budgeting techniques. 
However all the capital budgeting techniques are inadequate. Because, neither of 
them considers the uncertainty.  
Uncertainty can be defined as something that is not known either because it occurs in 
the future or has an impact that is unknown. Uncertainty arises because of 
incomplete information such as disagreement between information sources, linguistic 
imprecision, ambiguity, or simply missing information.  
There are some risk analysis methods such as probabilistic methods. Probabilistic 
methods are mostly used. But, because an enterprise that is considering to make an 
capital expenditure needs lots of knowledge to determine the exact probabilities, and 
determining the probabilities are not so easy, these probabilistic based methods using 
probabilities to take risk into account are not adequate in every situation. That is why 
fuzzy approach is useful due to dealing with uncertainty.  
Capital budgeting techniques include four common variables. These are cash 
inflows, cash outflows, discount rates and useful lives. In this study, all of the capital 
budgeting techniques are fuzzified with using fuzzy cash inflows, fuzzy cash 
outflows, fuzzy discount rates and crisp useful lives. Then, assuming that firms 
reinvest their money into other alternative projects at a reinvestment rate which is 
higher than cost of capital, a fuzzy modified internal rate of return is proposed. The 
aim to propose that is to underline the importance of cash inflows. Later two wind 
farm projects in two different location in Turkey are evaluated according to both 
crisp and fuzzy capital budgeting techniques. 
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Using fuzzy approach we obtain results in intervals which can be easily thought to be 
obtained using bad good and normal scenarios. However scenario results are discrete 
whereas fuzzy approach provides continuous functions. 
In conclusion, to take the uncertainty into account in capital budgeting, fuzzy 
approach should be used.  
For further research, beside cash inflows, cash outflows and discount rates, useful 
lives can be fuzzified. So a complete fuzzy solution can be obtained.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
75
REFERENCES 
[1] Brigham, E.F. and Weston, J.F., 1993. 10th ed., Essentials of Managerial                        
Finance, The Dryden Press, Chicago.  
[2] Shim, J.K. and Siegel, J.G., 2005. 2nd ed., Budgeting Basics & Beyond, John  
Wiley & Sons, New Jersey.  
[3] Dimitrovski, A., and Matos, M., 2008. Fuzzy Present Worth Analysis with 
Correlated and Uncorrelated Cash Flows, in Fuzzy Engineering 
Economics with Applications, pp. 11–41,Ed. Kahraman, C., Springer-
Verlag Berlin, Heidelberg  
[4] Ross, S.A., Westerfield, R.W. and Jordan, B.D., 2000. 5th ed., Fundamentals of  
Corporate Finance, McGraw Hill, Singapore.  
[5] Ryan, P.A., and Ryan, G.P., 2002. Capital budgeting practices of the Fortune 
1000: How have things changed?, Journal of Business and 
Management,8-4, pg. 355 
[6] Lin, H.W. and Lu, H., 2007. Capital Budgeting with Fuzzy Net Present Value 
Criterion, 2nd International Conference on Innovative Computing, 
Information and Control(ICICIC’07), Kumamoto, Japan, September 
5-7, pp. 191-195 
 [7] Magni, C.A., 2002. Investment decisions in the theory of finance: Some 
antinomies and inconsistencies, European Journal of Operation 
Research,137, pp. 206-217  
[8] Buckley, J.J, Eslami, E. and Feuring, T., 2002. Fuzzy Mathematics in 
Economics and Engineering, Physica-Verlag Heidelberg, Germany  
[9] Brealey, R.A., Myers, S.C. and Marcus, A.J., 2001. 3rd ed., Fundemantels of 
Corporate Finance, McGraw Hill, Singapore 
[10] Kuchta, D., 2008. Fuzzy Rate of Return Analysis and Applications, in Fuzzy 
Engineering Economics with Applications, pp. 97–104,Ed. Kahraman, 
C., Springer-Verlag Berlin, Heidelberg  
[11] Kahraman, C., and Kaya, Đ., 2008. Fuzzy Equivalent Annual-Worth Analysis 
and Applications, in Fuzzy Engineering Economics with Applications, 
pp. 71–81,Ed. Kahraman, C., Springer-Verlag Berlin, Heidelberg  
[12] Berk, N., 2000. 5. Baskı, Finansal Yönetim, Türkmen Kitabevi, Đstanbul.  
[13] Kahraman, C., 2001. Fuzzy versus Probabilistic Benefit/Cost Ratio Analysis 
for Public Work Projects, Internal Journal of Applied Mathematics 
and Computer Science, 11-3, pp. 705-718  
[14] Ku, A., 1995. Modeling Uncertainty in Electricity Capacity Planning, PhD 
Thesis, London Business School, London, UK 
 
76
[15] Özoğul, S.A., 2005. Yatırım Kararlarının Değerlendirilmesinde Reel 
Opsiyonlar: Bilişim Teknolojileri Yatırım Uygulaması, Doktora Tezi, 
Đ.T.Ü. Sosyal Bilimler Enstitüsü, Đstanbul.  
[16] Seitz, N. and Ellison, M., 1999. 3rd ed., Capital Budgeting and Long-Term 
Financial Decisions, The Dryden Press, Orlando.  
[17] Kahraman, C., Ruan, D., and Tolga, E., 2002. Capital Budgeting Techniques 
Using Discounted Fuzzy versus Probabilistic Cash Flows, Information 
Sciences, 142, pp. 57-76  
[18] Canada, J.R. and White, J.A., 1980. Capital Investment Decision Analysis for 
Management and Economic, Prentice-Hall, New Jersey.  
[19] Shapiro, A.C., 2005. Capital Budgeting and Investment Analysis, Pearson 
Prentice Hall, New Jersey. 
[20] Kahraman, C., 2008. Fuzzy Investment Analysis Using Fuzzy Decision Trees, 
in Fuzzy Engineering Economics with Applications, pp. 129-143, Ed. 
Kahraman, C., Springer-Verlag Berlin, Heidelberg  
[21] Maat, S.M.B., 2006. A Comparative Study of Classical Logic and Modern 
Logic from the Malaysian perspective, 2nd IMT-GT Regional 
Conference on Mathematics, Statistics and Applications, Universiti 
Sains Malaysia, Penang, June 13-15. 
[22] Ross, T.J., Fuzzy Logic with Engineering Applications, McGraw-Hill, New 
York.  
[23] Kahraman, C., Gülbay, M. and Ulukan, Z., 2006. Applications of Fuzzy 
Capital Budgeting Techniques, in Fuzzy Applications in Industrial 
Engineering, pp. 177-203, Ed. Kahraman, C., Springer-Verlag Berlin, 
Heidelberg  
[24] Kwang, H.L. and Lee, J.H., 1999. A Method for Ranking Fuzzy Numbers and 
Its Application to Decision-Making, Ieee Transactıons on Fuzzy 
Systems, 7-6, pp. 677-685. 
[25]Liou, T.S., Chen, C.W. 2007. Fuzzy decision analysis for alternative selection 
using a fuzzy annual worth criterion, The Engineering Economist 51, 
19–34 (2007).  
[26] Seitz, N.E., 1990. Capital Budgeting and Long-Term Financial Decisions, The 
Dryden Press, Orlando.  
[27] Kahraman, C., and Kaya, Đ., 2008. Fuzzy Benefit/Cost Analysis and 
Applications, in Fuzzy Engineering Economics with Applications, pp. 
129-143, Ed. Kahraman, C., Springer-Verlag Berlin, Heidelberg.  
[28]Karsak, E.E., 1998. Measures of Liquidity Risk Supplementing Fuzzy 
Discounting Cash Flow Analysis, The Engineering Economist, Vol: 
43, No:4.  
[29] Kuchta, D., 2000. Fuzzy capital budgeting, Fuzzy Sets and Systems, Volume 
111, pp. 367-385. 
 
 
 
77
 
APPENDICES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
APPENDIX A.1: Normal Distribution Table 
 
APPENDIX B.1 : Cash Income Statement and Cash Flow Statement for Plant-A 
 
APPENDIX C.1 : Cash Income Statement and Cash Flow Statement for Plant-B 
 
APPENDIX D.1: Fuzzy  Cash Income Statement and Cash Flow Statement for                                                
                              Plant-A 
 
APPENDIX E.1: Fuzzy  Cash Income Statement and Cash Flow Statement for  
                              Plant-B  
 
78
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
79
 
APPENDIX A.1  
Table A. 1: Normal Distribution Table 
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APPENDIX B.1 
Table B. 1 : Income Statement for Plant-A 
INCOME STATEMENT PERIOD PERIOD PERIOD 
1 2 3 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.065 0.06825 0.0716625 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,233,320 1,294,986 1,359,736 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 221,998 233,098 244,752 
Total Income (€) 1,233,320 1,294,986 1,359,736 
Operating and Maintenance Expenses (€/kWh) 0.0065 0.006695 0.00689585 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 123,332 127,032 130,843 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 698,000 698,000 698,000 
VAT to be Paid for Operational Expenses (€) 22,200 22,866 23,552 
VAT Value (€) 199,798 210,232 221,201 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 199,798 210,232 221,201 
Total Operating Expenses (€) 821,332 825,032 828,843 
Gross Operating Profit (€) 411,988 469,954 530,893 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 411,988 469,954 530,893 
Corporate Tax (€) 82,398 93,991 106,179 
Net VAT Collected (€) 199,798 210,232 221,201 
VAT Collected (€) 221,998 233,098 244,752 
VAT Paid (€) 22,200 22,866 23,552 
      
Net Profit / Loss (€) 529,389 586,195 645,915 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
4 5 6 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.075245625 0.079007906 0.082958302 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,427,723 1,499,109 1,574,064 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 256,990 269,840 283,332 
Total Income (€) 1,427,723 1,499,109 1,574,064 
Operating and Maintenance Expenses (€/kWh) 0.007102726 0.007315807 0.007535281 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 134,768 138,811 142,976 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 698,000 698,000 698,000 
VAT to be Paid for Operational Expenses (€) 24,258 24,986 25,736 
VAT Value (€) 232,732 244,854 257,596 
VAT Remaining (€) 0 0 0 
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VAT Payable (€) 232,732 244,854 257,596 
Total Operating Expenses (€) 832,768 836,811 840,976 
Gross Operating Profit (€) 594,954 662,297 733,088 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 594,954 662,297 733,088 
Corporate Tax (€) 118,991 132,459 146,618 
Net VAT Collected (€) 232,732 244,854 257,596 
VAT Collected (€) 256,990 269,840 283,332 
VAT Paid (€) 24,258 24,986 25,736 
      
Net Profit / Loss (€) 708,695 774,691 844,067 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
7 8 9 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.087106217 0.091461527 0.096034604 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,652,767 1,735,406 1,822,176 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 297,498 312,373 327,992 
Total Income (€) 1,652,767 1,735,406 1,822,176 
Operating and Maintenance Expenses (€/kWh) 0.00776134 0.00799418 0.008234006 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 147,265 151,683 156,233 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 698,000 698,000 698,000 
VAT to be Paid for Operational Expenses (€) 26,508 27,303 28,122 
VAT Value (€) 270,990 285,070 299,870 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 270,990 285,070 299,870 
Total Operating Expenses (€) 845,265 849,683 854,233 
Gross Operating Profit (€) 807,502 885,723 967,943 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 807,502 885,723 967,943 
Corporate Tax (€) 161,500 177,145 193,589 
Net VAT Collected (€) 270,990 285,070 299,870 
VAT Collected (€) 297,498 312,373 327,992 
VAT Paid (€) 26,508 27,303 28,122 
      
Net Profit / Loss (€) 916,992 993,648 1,074,224 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
10 11 12 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.100836334 0.105878151 0.111172058 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,913,285 2,008,949 2,109,396 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 344,391 361,611 379,691 
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Total Income (€) 1,913,285 2,008,949 2,109,396 
Operating and Maintenance Expenses (€/kWh) 0.008481026 0.008735456 0.00899752 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 160,920 165,748 170,720 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0.1 0 0 
Depreciation (€) 698,000 0 0 
VAT to be Paid for Operational Expenses (€) 28,966 29,835 30,730 
VAT Value (€) 315,426 331,776 348,962 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 315,426 331,776 348,962 
Total Operating Expenses (€) 858,920 165,748 170,720 
Gross Operating Profit (€) 1,054,364 1,843,201 1,938,676 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 1,054,364 1,843,201 1,938,676 
Corporate Tax (€) 210,873 368,640 387,735 
Net VAT Collected (€) 315,426 331,776 348,962 
VAT Collected (€) 344,391 361,611 379,691 
VAT Paid (€) 28,966 29,835 30,730 
      
Net Profit / Loss (€) 1,158,917 1,806,337 1,899,903 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
13 14 15 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.116730661 0.122567194 0.128695554 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 2,214,866 2,325,610 2,441,890 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 398,676 418,610 439,540 
Total Income (€) 2,214,866 2,325,610 2,441,890 
Operating and Maintenance Expenses (€/kWh) 0.009267446 0.009545469 0.009831833 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 175,842 181,117 186,551 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0 0 0 
Depreciation (€) 0 0 0 
VAT to be Paid for Operational Expenses (€) 31,652 32,601 33,579 
VAT Value (€) 367,024 386,009 405,961 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 367,024 386,009 405,961 
Total Operating Expenses (€) 175,842 181,117 186,551 
Gross Operating Profit (€) 2,039,024 2,144,492 2,255,339 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 2,039,024 2,144,492 2,255,339 
Corporate Tax (€) 407,805 428,898 451,068 
Net VAT Collected (€) 367,024 386,009 405,961 
VAT Collected (€) 398,676 418,610 439,540 
VAT Paid (€) 31,652 32,601 33,579 
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Net Profit / Loss (€) 1,998,244 2,101,602 2,210,232 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
16 17 18 
AEP (kWh/year) 18,974,160 18,974,160 18,974,160 
Sales Price (€/kWh) 0.135130332 0.141886848 0.148981191 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 2,563,985 2,692,184 2,826,793 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 461,517 484,593 508,823 
Total Income (€) 2,563,985 2,692,184 2,826,793 
Operating and Maintenance Expenses (€/kWh) 0.010126788 0.010430592 0.01074351 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 192,147 197,912 203,849 
Depreciation Value (€) 6,980,000 6,980,000 6,980,000 
Rate of Depreciation 0 0 0 
Depreciation (€) 0 0 0 
VAT to be Paid for Operational Expenses (€) 34,587 35,624 36,693 
VAT Value (€) 426,931 448,969 472,130 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 426,931 448,969 472,130 
Total Operating Expenses (€) 192,147 197,912 203,849 
Gross Operating Profit (€) 2,371,837 2,494,272 2,622,944 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 2,371,837 2,494,272 2,622,944 
Corporate Tax (€) 474,367 498,854 524,589 
Net VAT Collected (€) 426,931 448,969 472,130 
VAT Collected (€) 461,517 484,593 508,823 
VAT Paid (€) 34,587 35,624 36,693 
      
Net Profit / Loss (€) 2,324,400 2,444,387 2,570,485 
 
INCOME STATEMENT PERIOD 
19 
AEP (kWh/year) 18,974,160 
Sales Price (€/kWh) 0.15643025 
Annual Increase 0.05 
Income From Operations (€) 2,968,133 
VAT Ratio 0.18 
Collected VAT (€) 534,264 
Total Income (€) 2,968,133 
Operating and Maintenance Expenses (€/kWh) 0.011065815 
Annual Increase 0.03 
Operational Expenses (€) 209,965 
Depreciation Value (€) 6,980,000 
Rate of Depreciation 0 
Depreciation (€) 0 
VAT to be Paid for Operational Expenses (€) 37,794 
VAT Value (€) 496,470 
VAT Remaining (€) 0 
VAT Payable (€) 496,470 
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Total Operating Expenses (€) 209,965 
Gross Operating Profit (€) 2,758,168 
Financial Expenses (€) 0 
Tax Rate 0.2 
Tax Base (€) 2,758,168 
Corporate Tax (€) 551,634 
Net VAT Collected (€) 496,470 
VAT Collected (€) 534,264 
VAT Paid (€) 37,794 
  
Net Profit / Loss (€) 2,703,005 
Table B. 2 : Income Statement for Plant-A 
CASH FLOW STATEMENT PERIOD 
0 1 2 3 4 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 529,389 586,195 645,915 708,695 
Depreciation (€) 698,000 698,000 698,000 698,000 
VAT Payable (€) -199,798 -210,232 -221,201 -232,732 
Cash Flow From Investment Activities (€) 
Wind Farm Investment (€) -6,980,000 
Net Cash Flow (€) -6,980,000 1,027,591 1,073,964 1,122,714 1,173,963 
 
CASH FLOW STATEMENT PERIOD 
5 6 7 8 9 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 774,691 844,067 916,992 993,648 1,074,224 
Depreciation (€) 698,000 698,000 698,000 698,000 698,000 
VAT Payable (€) -244,854 -257,596 -270,990 -285,070 -299,870 
Cash Flow From Investment Activities (€) 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,227,838 1,284,471 1,344,002 1,406,578 1,472,354 
 
CASH FLOW STATEMENT PERIOD 
10 11 12 13 14 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,158,917 1,806,337 1,899,903 1,998,244 2,101,602 
Depreciation (€) 698,000 0 0 0 0 
VAT Payable (€) -315,426 -331,776 -348,962 -367,024 -386,009 
Cash Flow From Investment Activities (€) 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,541,492 1,474,561 1,550,941 1,631,219 1,715,594 
 
CASH FLOW STATEMENT PERIOD 
15 16 17 18 19 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 2,210,232 2,324,400 2,444,387 2,570,485 2,703,005 
Depreciation (€) 0 0 0 0 0 
VAT Payable (€) -405,961 -426,931 -448,969 -472,130 -496,470 
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Cash Flow From Investment Activities (€) 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,804,271 1,897,470 1,995,418 2,098,355 2,206,534 
APPENDIX C.1 
Table C. 1 : Income Statement of Plant-B 
INCOME STATEMENT PERIOD PERIOD PERIOD 
1 2 3 
AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.065 0.06825 0.0716625 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 739,992 776,992 815,841 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 133,199 139,859 146,851 
Total Income (€) 739,992 776,992 815,841 
Operating and Maintenance Expenses (€/kWh) 0.0065 0.006695 0.00689585 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 73,999 76,219 78,506 
Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 393,800 393,800 393,800 
VAT to be Paid for Operational Expenses (€) 13,320 13,719 14,131 
VAT Value (€) 119,879 126,139 132,720 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 119,879 126,139 132,720 
Total Operating Expenses (€) 467,799 470,019 472,306 
Gross Operating Profit (€) 272,193 306,973 343,536 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 272,193 306,973 343,536 
Corporate Tax (€) 54,439 61,395 68,707 
Net VAT Collected (€) 119,879 126,139 132,720 
VAT Collected (€) 133,199 139,859 146,851 
VAT Paid (€) 13,320 13,719 14,131 
      
Net Profit / Loss (€) 337,633 371,717 407,549 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
4 5 6 
AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.075245625 0.079007906 0.082958302 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 856,634 899,465 944,438 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 154,194 161,904 169,999 
Total Income (€) 856,634 899,465 944,438 
Operating and Maintenance Expenses (€/kWh) 0.007102726 0.007315807 0.007535281 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 80,861 83,287 85,785 
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Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 393,800 393,800 393,800 
VAT to be Paid for Operational Expenses (€) 14,555 14,992 15,441 
VAT Value (€) 139,639 146,912 154,558 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 139,639 146,912 154,558 
Total Operating Expenses (€) 474,661 477,087 479,585 
Gross Operating Profit (€) 381,973 422,378 464,853 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 381,973 422,378 464,853 
Corporate Tax (€) 76,395 84,476 92,971 
Net VAT Collected (€) 139,639 146,912 154,558 
VAT Collected (€) 154,194 161,904 169,999 
VAT Paid (€) 14,555 14,992 15,441 
      
Net Profit / Loss (€) 445,217 484,815 526,440 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
7 8 9 
AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.087106217 0.091461527 0.096034604 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 991,660 1,041,243 1,093,306 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 178,499 187,424 196,795 
Total Income (€) 991,660 1,041,243 1,093,306 
Operating and Maintenance Expenses (€/kWh) 0.00776134 0.00799418 0.008234006 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 88,359 91,010 93,740 
Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0.1 0.1 0.1 
Depreciation (€) 393,800 393,800 393,800 
VAT to be Paid for Operational Expenses (€) 15,905 16,382 16,873 
VAT Value (€) 162,594 171,042 179,922 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 162,594 171,042 179,922 
Total Operating Expenses (€) 482,159 484,810 487,540 
Gross Operating Profit (€) 509,501 556,434 605,766 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 509,501 556,434 605,766 
Corporate Tax (€) 101,900 111,287 121,153 
Net VAT Collected (€) 162,594 171,042 179,922 
VAT Collected (€) 178,499 187,424 196,795 
VAT Paid (€) 15,905 16,382 16,873 
      
Net Profit / Loss (€) 570,195 616,189 664,534 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
10 11 12 
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AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.100836334 0.105878151 0.111172058 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,147,971 1,205,369 1,265,638 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 206,635 216,966 227,815 
Total Income (€) 1,147,971 1,205,369 1,265,638 
Operating and Maintenance Expenses (€/kWh) 0.008481026 0.008735456 0.00899752 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 96,552 99,449 102,432 
Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0.1 0 0 
Depreciation (€) 393,800 0 0 
VAT to be Paid for Operational Expenses (€) 17,379 17,901 18,438 
VAT Value (€) 189,255 199,066 209,377 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 189,255 199,066 209,377 
Total Operating Expenses (€) 490,352 99,449 102,432 
Gross Operating Profit (€) 657,619 1,105,921 1,163,206 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 657,619 1,105,921 1,163,206 
Corporate Tax (€) 131,524 221,184 232,641 
Net VAT Collected (€) 189,255 199,066 209,377 
VAT Collected (€) 206,635 216,966 227,815 
VAT Paid (€) 17,379 17,901 18,438 
      
Net Profit / Loss (€) 715,350 1,083,802 1,139,942 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
13 14 15 
AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.116730661 0.122567194 0.128695554 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,328,920 1,395,366 1,465,134 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 239,206 251,166 263,724 
Total Income (€) 1,328,920 1,395,366 1,465,134 
Operating and Maintenance Expenses (€/kWh) 0.009267446 0.009545469 0.009831833 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 105,505 108,670 111,930 
Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0 0 0 
Depreciation (€) 0 0 0 
VAT to be Paid for Operational Expenses (€) 18,991 19,561 20,147 
VAT Value (€) 220,215 231,605 243,577 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 220,215 231,605 243,577 
Total Operating Expenses (€) 105,505 108,670 111,930 
Gross Operating Profit (€) 1,223,415 1,286,695 1,353,204 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
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Tax Base (€) 1,223,415 1,286,695 1,353,204 
Corporate Tax (€) 244,683 257,339 270,641 
Net VAT Collected (€) 220,215 231,605 243,577 
VAT Collected (€) 239,206 251,166 263,724 
VAT Paid (€) 18,991 19,561 20,147 
      
Net Profit / Loss (€) 1,198,946 1,260,961 1,326,139 
 
INCOME STATEMENT PERIOD PERIOD PERIOD 
16 17 18 
AEP (kWh/year) 11,384,496 11,384,496 11,384,496 
Sales Price (€/kWh) 0.135130332 0.141886848 0.148981191 
Annual Increase 0.05 0.05 0.05 
Income From Operations (€) 1,538,391 1,615,310 1,696,076 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 276,910 290,756 305,294 
Total Income (€) 1,538,391 1,615,310 1,696,076 
Operating and Maintenance Expenses (€/kWh) 0,010126788 0,010430592 0,01074351 
Annual Increase 0.03 0.03 0.03 
Operational Expenses (€) 115,288 118,747 122,309 
Depreciation Value (€) 3,938,000 3,938,000 3,938,000 
Rate of Depreciation 0 0 0 
Depreciation (€) 0 0 0 
VAT to be Paid for Operational Expenses (€) 20,752 21,374 22,016 
VAT Value (€) 256,158 269,381 283,278 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 256,158 269,381 283,278 
Total Operating Expenses (€) 115,288 118,747 122,309 
Gross Operating Profit (€) 1,423,102 1,496,563 1,573,766 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 1,423,102 1,496,563 1,573,766 
Corporate Tax (€) 284,620 299,313 314,753 
Net VAT Collected (€) 256,158 269,381 283,278 
VAT Collected (€) 276,910 290,756 305,294 
VAT Paid (€) 20,752 21,374 22,016 
      
Net Profit / Loss (€) 1,394,640 1,466,632 1,542,291 
 
INCOME STATEMENT PERIOD 
19 
AEP (kWh/year) 11,384,496 
Sales Price (€/kWh) 0.15643025 
Annual Increase 0.05 
Income From Operations (€) 1,780,880 
VAT Ratio 0.18 
Collected VAT (€) 320,558 
Total Income (€) 1,780,880 
Operating and Maintenance Expenses (€/kWh) 0.011065815 
Annual Increase 0.03 
Operational Expenses (€) 125,979 
Depreciation Value (€) 3,938,000 
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Rate of Depreciation 0 
Depreciation (€) 0 
VAT to be Paid for Operational Expenses (€) 22,676 
VAT Value (€) 297,882 
VAT Remaining (€) 0 
VAT Payable (€) 297,882 
Total Operating Expenses (€) 125,979 
Gross Operating Profit (€) 1,654,901 
Financial Expenses (€) 0 
Tax Rate 0.2 
Tax Base (€) 1,654,901 
Corporate Tax (€) 330,980 
Net VAT Collected (€) 297,882 
VAT Collected (€) 320,558 
VAT Paid (€) 22,676 
  
Net Profit / Loss (€) 1,621,803 
Table C.2 : Cash Flow Statement of Plant-B 
CASH FLOW STATEMENT PERIOD 
0 1 2 3 4 
Cash Flow From Operating Activities 
Net Profit / Loss (€)   337,633 371,717 407,549 445,217 
Depreciation (€)   393,800 393,800 393,800 393,800 
VAT Payable (€)   -119,879 -126,139 -132,720 -139,639 
Cash Flow From Investment Activities           
Wind Farm Investment (€) -3,938,000         
          
Net Cash Flow (€) -3,938,000 611,554 639,378 668,629 699,378 
 
CASH FLOW STATEMENT PERIOD 
5 6 7 8 9 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 484,815 526,440 570,195 616,189 664,534 
Depreciation (€) 393,800 393,800 393,800 393,800 393,800 
VAT Payable (€) -146,912 -154,558 -162,594 -171,042 -179,922 
Cash Flow From Investment Activities           
Wind Farm Investment (€)           
          
Net Cash Flow (€) 731,703 765,682 801,401 838,947 878,412 
 
CASH FLOW STATEMENT PERIOD 
10 11 12 13 14 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 715,350 1,083,802 1,139,942 1,198,946 1,260,961 
Depreciation (€) 393,800 0 0 0 0 
VAT Payable (€) -189,255 -199,066 -209,377 -220,215 -231,605 
Cash Flow From Investment Activities           
Wind Farm Investment (€)           
          
Net Cash Flow (€) 919,895 884,736 930,564 978,732 1,029,356 
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CASH FLOW STATEMENT PERIOD 
15 16 17 18 19 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,326,139 1,394,640 1,466,632 1,542,291 1,621,803 
Depreciation (€) 0 0 0 0 0 
VAT Payable (€) -243,577 -256,158 -269,381 -283,278 -297,882 
Cash Flow From Investment Activities           
Wind Farm Investment (€)           
          
Net Cash Flow (€) 1,082,563 1,138,482 1,197,251 1,259,013 1,323,921 
APPENDIX D.1 
Table D. 1 : Fuzzy Income Statement of Plant-A 
FUZZY INCOME STATEMENT 1. Period 2. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.065 0.06 0.07 0.06825 0.0627 0.07385 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,233,320 1,126,466 1,342,172 1,294,986 1,177,157 1,415,992 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 221,998 202,764 241,591 233,098 211,888 254,878 
Total Income (€) 1,233,320 1,126,466 1,342,172 1,294,986 1,177,157 1,415,992 
Operating and Maintenance Expenses 
(€/kWh) 0.0065 0.007 0.006 0.006695 0.007245 0.00615 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 123,332 131,421 115,043 127,032 136,021 117,919 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational Expenses 
(€) 22,200 23,656 20,708 22,866 24,484 21,225 
VAT Value (€) 199,798 179,108 220,883 210,232 187,405 233,653 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 199,798 179,108 220,883 210,232 187,405 233,653 
Total Operating Expenses (€) 821,332 795,081 847,383 825,032 799,681 850,259 
Gross Operating Profit (€) 411,988 331,385 494,789 469,954 377,476 565,732 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 411,988 331,385 494,789 469,954 377,476 565,732 
Corporate Tax (€) 82,398 66,277 98,958 93,991 75,495 113,146 
Net VAT Collected (€) 199,798 179,108 220,883 210,232 187,405 233,653 
VAT Collected (€) 221,998 202,764 241,591 233,098 211,888 254,878 
VAT Paid (€) 22,200 23,656 20,708 22,866 24,484 21,225 
Net Profit / Loss (€) 529,389 444,216 616,714 586,195 489,385 686,239 
Net Profit / Loss as TFN (€) (444,216, 529,389, 616,714) (498,385, 586,195, 686,239) 
 
FUZZY INCOME STATEMENT 3. Period 4. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
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Sales Price (€/kWh) 0.0716625 0.0655215 0.0779118 0.0752456 0.06847 0.0821969 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,359,736 1,230,129 1,493,871 1,427,723 1,285,485 1,576,034 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 244,752 221,423 268,897 256,990 231,387 283,686 
Total Income (€) 1,359,736 1,230,129 1,493,871 1,427,723 1,285,485 1,576,034 
Operating and Maintenance Expenses 
(€/kWh) 0.0068959 0.0074986 0.0063038 0.0071027 0.007761 0.0064613 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 130,843 140,781 120,867 134,768 145,709 123,889 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational Expenses 
(€) 23,552 25,341 21,756 24,258 26,228 22,300 
VAT Value (€) 221,201 196,083 247,141 232,732 205,160 261,386 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 221,201 196,083 247,141 232,732 205,160 261,386 
Total Operating Expenses (€) 828,843 804,441 853,207 832,768 809,369 856,229 
Gross Operating Profit (€) 530,893 425,687 640,664 594,954 476,116 719,805 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 530,893 425,687 640,664 594,954 476,116 719,805 
Corporate Tax (€) 106,179 85,137 128,133 118,991 95,223 143,961 
Net VAT Collected (€) 221,201 196,083 247,141 232,732 205,160 261,386 
VAT Collected (€) 244,752 221,423 268,897 256,990 231,387 283,686 
VAT Paid (€) 23,552 25,341 21,756 24,258 26,228 22,300 
Net Profit / Loss (€) 645,915 536,633 759,672 708,695 586,052 837,230 
Net Profit / Loss as TFN (€) (536,633, 645,915, 759,672) (586,052, 708,695, 837,230) 
 
FUZZY INCOME STATEMENT 5. Period 6. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.0790079 0.0715511 0.0867177 0.0829583 0.0747709 0.0914872 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,499,109 1,343,332 1,662,716 1,574,064 1,403,781 1,754,165 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 269,840 241,800 299,289 283,332 252,681 315,750 
Total Income (€) 1,499,109 1,343,332 1,662,716 1,574,064 1,403,781 1,754,165 
Operating and Maintenance Expenses 
(€/kWh) 0.0073158 0.0080327 0.0066229 0.0075353 0.0083138 0.0067884 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 138,811 150,809 126,986 142,976 156,087 130,161 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational Expenses 
(€) 24,986 27,146 22,858 25,736 28,096 23,429 
VAT Value (€) 244,854 214,654 276,431 257,596 224,585 292,321 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 244,854 214,654 276,431 257,596 224,585 292,321 
Total Operating Expenses (€) 836,811 814,469 859,326 840,976 819,747 862,501 
Gross Operating Profit (€) 662,297 528,863 803,390 733,088 584,035 891,664 
Financial Expenses (€) 0 0 0 0 0 0 
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Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 662,297 528,863 803,390 733,088 584,035 891,664 
Corporate Tax (€) 132,459 105,773 160,678 146,618 116,807 178,333 
Net VAT Collected (€) 244,854 214,654 276,431 257,596 224,585 292,321 
VAT Collected (€) 269,840 241,800 299,289 283,332 252,681 315,750 
VAT Paid (€) 24,986 27,146 22,858 25,736 28,096 23,429 
Net Profit / Loss (€) 774,691 637,744 919,143 844,067 691,813 1,005,652 
Net Profit / Loss as TFN (€) (637,744, 774,691, 919,143) (691,813, 844,067, 1,005,652) 
 
FUZZY INCOME STATEMENT 7. Period 8. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.0871062 0.0781356 0.096519 0.0914615 0.0816517 0.1018275 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,652,767 1,466,952 1,850,644 1,735,406 1,532,964 1,952,430 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 297,498 264,051 333,116 312,373 275,934 351,437 
Total Income (€) 1,652,767 1,466,952 1,850,644 1,735,406 1,532,964 1,952,430 
Operating and Maintenance Expenses 
(€/kWh) 0.0077613 0.0086048 0.0069582 0.0079942 0.008906 0.0071321 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 147,265 161,550 133,415 151,683 167,204 136,750 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational Expenses 
(€) 26,508 29,079 24,015 27,303 30,097 24,615 
VAT Value (€) 270,990 234,972 309,101 285,070 245,837 326,822 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 270,990 234,972 309,101 285,070 245,837 326,822 
Total Operating Expenses (€) 845,265 825,210 865,755 849,683 830,864 869,090 
Gross Operating Profit (€) 807,502 641,742 984,889 885,723 702,100 1,083,340 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 807,502 641,742 984,889 885,723 702,100 1,083,340 
Corporate Tax (€) 161,500 128,348 196,978 177,145 140,420 216,668 
Net VAT Collected (€) 270,990 234,972 309,101 285,070 245,837 326,822 
VAT Collected (€) 297,498 264,051 333,116 312,373 275,934 351,437 
VAT Paid (€) 26,508 29,079 24,015 27,303 30,097 24,615 
            
Net Profit / Loss (€) 916,992 748,366 1,097,013 993,648 807,517 1,193,494 
Net Profit / Loss as TFN (€) (748,366, 916,992, 1,097,013) (807,517, 993,648, 1,193,494) 
 
FUZZY INCOME STATEMENT 9. Period 10. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.0960346 0.085326 0.1074281 0.1008363 0.0891657 0.1133366 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,822,176 1,601,948 2,059,814 1,913,285 1,674,036 2,173,103 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 327,992 288,351 370,766 344,391 301,326 391,159 
Total Income (€) 1,822,176 1,601,948 2,059,814 1,913,285 1,674,036 2,173,103 
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Operating and Maintenance Expenses 
(€/kWh) 0.008234 0.0092177 0.0073104 0.008481 0.0095403 0.0074932 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 156,233 173,056 140,169 160,920 179,113 143,673 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0,1 0,1 0,1 0,1 0,1 0,1 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT to be Paid for Operational Expenses 
(€) 28,122 31,150 25,230 28,966 32,240 25,861 
VAT Value (€) 299,870 257,200 345,536 315,426 269,086 365,297 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 299,870 257,200 345,536 315,426 269,086 365,297 
Total Operating Expenses (€) 854,233 836,716 872,509 858,920 842,773 876,013 
Gross Operating Profit (€) 967,943 765,231 1,187,304 1,054,364 831,262 1,297,090 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 967,943 765,231 1,187,304 1,054,364 831,262 1,297,090 
Corporate Tax (€) 193,589 153,046 237,461 210,873 166,252 259,418 
Net VAT Collected (€) 299,870 257,200 345,536 315,426 269,086 365,297 
VAT Collected (€) 327,992 288,351 370,766 344,391 301,326 391,159 
VAT Paid (€) 28,122 31,150 25,230 28,966 32,240 25,861 
            
Net Profit / Loss (€) 1,074,224 869,386 1,295,380 1,158,917 934,096 1,402,969 
Net Profit / Loss as TFN (€) (869,386, 1,074,224, 1,295,380) (934,096, 1,158,917, 1,402,969) 
 
FUZZY INCOME STATEMENT 11. Period 12. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1058782 0.0931782 0.1195701 0.1111721 0.0973712 0.1261465 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 2,008,949 1,749,367 2,292,624 2,109,396 1,828,089 2,418,718 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 361,611 314,886 412,672 379,691 329,056 435,369 
Total Income (€) 2,008,949 1,749,367 2,292,624 2,109,396 1,828,089 2,418,718 
Operating and Maintenance Expenses 
(€/kWh) 0.0087355 0.0098742 0.0076805 0.0089975 0.0102198 0.0078725 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 165,748 185,382 147,265 170,720 191,871 150,947 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational Expenses 
(€) 29,835 33,369 26,508 30,730 34,537 27,170 
VAT Value (€) 331,776 281,517 386,165 348,962 294,519 408,199 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 331,776 281,517 386,165 348,962 294,519 408,199 
Total Operating Expenses (€) 165,748 185,382 147,265 170,720 191,871 150,947 
Gross Operating Profit (€) 1,843,201 1,563,985 2,145,359 1,938,676 1,636,218 2,267,771 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 1,843,201 1,563,985 2,145,359 1,938,676 1,636,218 2,267,771 
Corporate Tax (€) 368,640 312,797 429,072 387,735 327,244 453,554 
Net VAT Collected (€) 331,776 281,517 386,165 348,962 294,519 408,199 
VAT Collected (€) 361,611 314,886 412,672 379,691 329,056 435,369 
VAT Paid (€) 29,835 33,369 26,508 30,730 34,537 27,170 
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Net Profit / Loss (€) 1,806,337 1,532,705 2,102,452 1,899,903 1,603,494 2,222,416 
Net Profit / Loss as TFN (€) (1,532,705, 1,806,337, 2,102,452) (1,603,494, 1,899,903, 2,222,416) 
 
FUZZY INCOME STATEMENT 13. Period 14. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1167307 0.1017529 0.1330845 0.1225672 0.1063318 0.1404042 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 2,214,866 1,910,353 2,551,748 2,325,610 1,996,319 2,692,094 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 398,676 343,863 459,315 418,610 359,337 484,577 
Total Income (€) 2,214,866 1,910,353 2,551,748 2,325,610 1,996,319 2,692,094 
Operating and Maintenance Expenses 
(€/kWh) 0.0092674 0.0105775 0.0080693 0.0095455 0.0109477 0.0082711 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 175,842 198,586 154,720 181,117 205,537 158,588 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational Expenses 
(€) 31,652 35,746 27,850 32,601 36,997 28,546 
VAT Value (€) 367,024 308,118 431,465 386,009 322,341 456,031 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 367,024 308,118 431,465 386,009 322,341 456,031 
Total Operating Expenses (€) 175,842 198,586 154,720 181,117 205,537 158,588 
Gross Operating Profit (€) 2,039,024 1,711,766 2,397,027 2,144,492 1,790,782 2,533,505 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 2,039,024 1,711,766 2,397,027 2,144,492 1,790,782 2,533,505 
Corporate Tax (€) 407,805 342,353 479,405 428,898 358,156 506,701 
Net VAT Collected (€) 367,024 308,118 431,465 386,009 322,341 456,031 
VAT Collected (€) 398,676 343,863 459,315 418,610 359,337 484,577 
VAT Paid (€) 31,652 35,746 27,850 32,601 36,997 28,546 
            
Net Profit / Loss (€) 1,998,244 1,677,531 2,349,087 2,101,602 1,754,966 2,482,835 
Net Profit / Loss as TFN (€) (1,677,531, 1,998,244, 2,349,087) (1,754,966, 2,101,602, 2,482,835) 
 
FUZZY INCOME STATEMENT 15. Period 16. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1286956 0.1111167 0.1481264 0.1351303 0.1161169 0.1562734 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 2,441,890 2,086,153 2,840,159 2,563,985 2,180,030 2,996,368 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 439,540 375,508 511,229 461,517 392,405 539,346 
Total Income (€) 2,441,890 2,086,153 2,840,159 2,563,985 2,180,030 2,996,368 
Operating and Maintenance Expenses 
(€/kWh) 0.0098318 0.0113309 0.0084778 0.0101268 0.0117274 0.0086898 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 186,551 212,730 162,553 192,147 220,176 166,617 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
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VAT to be Paid for Operational Expenses 
(€) 33,579 38,291 29,260 34,587 39,632 29,991 
VAT Value (€) 405,961 337,216 481,969 426,931 352,774 509,355 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 405,961 337,216 481,969 426,931 352,774 509,355 
Total Operating Expenses (€) 186,551 212,730 162,553 192,147 220,176 166,617 
Gross Operating Profit (€) 2,255,339 1,873,422 2,677,606 2,371,837 1,959,854 2,829,751 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 2,255,339 1,873,422 2,677,606 2,371,837 1,959,854 2,829,751 
Corporate Tax (€) 451,068 374,684 535,521 474,367 391,971 565,950 
Net VAT Collected (€) 405,961 337,216 481,969 426,931 352,774 509,355 
VAT Collected (€) 439,540 375,508 511,229 461,517 392,405 539,346 
VAT Paid (€) 33,579 38,291 29,260 34,587 39,632 29,991 
            
Net Profit / Loss (€) 2,210,232 1,835,954 2,624,054 2,324,400 1,920,657 2,773,156 
Net Profit / Loss as TFN (€) (1,835,954, 2,210,232, 2,624,054) (1,920,657, 2,324,400, 2,773,156) 
 
FUZZY INCOME STATEMENT 17. Period 18. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1418868 0.1213422 0.1648684 0.1489812 0.1268026 0.1739362 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 2,692,184 2,278,131 3,161,168 2,826,793 2,380,647 3,335,032 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 484,593 410,064 569,010 508,823 428,516 600,306 
Total Income (€) 2,692,184 2,278,131 3,161,168 2,826,793 2,380,647 3,335,032 
Operating and Maintenance Expenses 
(€/kWh) 0.0104306 0.0121379 0.008907 0.0107435 0.0125627 0.0091297 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 197,912 227,882 170,782 203,849 235,858 175,052 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational Expenses 
(€) 35,624 41,019 30,741 36,693 42,454 31,509 
VAT Value (€) 448,969 369,045 538,269 472,130 386,062 568,796 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 448,969 369,045 538,269 472,130 386,062 568,796 
Total Operating Expenses (€) 197,912 227,882 170,782 203,849 235,858 175,052 
Gross Operating Profit (€) 2,494,272 2,050,249 2,990,386 2,622,944 2,144,789 3,159,980 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 2,494,272 2,050,249 2,990,386 2,622,944 2,144,789 3,159,980 
Corporate Tax (€) 498,854 410,050 598,077 524,589 428,958 631,996 
Net VAT Collected (€) 448,969 369,045 538,269 472,130 386,062 568,796 
VAT Collected (€) 484,593 410,064 569,010 508,823 428,516 600,306 
VAT Paid (€) 35,624 41,019 30,741 36,693 42,454 31,509 
            
Net Profit / Loss (€) 2,444,387 2,009,244 2,930,578 2,570,485 2,101,893 3,096,781 
Net Profit / Loss as TFN (€) (2,009,244, 2,444,387, 2,930,578) (2,101,893, 2,570,485, 3,096,781) 
 
FUZZY INCOME STATEMENT 19. Period 
crisp left right 
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AEP (kWh/year) 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1564303 0.1325087 0.1835026 
Annual Increase 0.05 0.045 0.055 
Income From Operations (€) 2,968,133 2,487,776 3,518,459 
VAT Ratio 0.18 0.18 0.18 
Collected VAT (€) 534,264 447,800 633,323 
Total Income (€) 2,968,133 2,487,776 3,518,459 
Operating and Maintenance Expenses 
(€/kWh) 0.0110658 0.0130024 0.009358 
Annual Increase 0.03 0.035 0.025 
Operational Expenses (€) 209,965 244,113 179,428 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 
Depreciation (€) 0 0 0 
VAT to be Paid for Operational Expenses 
(€) 37,794 43,940 32,297 
VAT Value (€) 496,470 403,859 601,026 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 496,470 403,859 601,026 
Total Operating Expenses (€) 209,965 244,113 179,428 
Gross Operating Profit (€) 2,758,168 2,243,663 3,339,031 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 2,758,168 2,243,663 3,339,031 
Corporate Tax (€) 551,634 448,733 667,806 
Net VAT Collected (€) 496,470 403,859 601,026 
VAT Collected (€) 534,264 447,800 633,323 
VAT Paid (€) 37,794 43,940 32,297 
      
Net Profit / Loss (€) 2,703,005 2,198,790 3,272,250 
Net Profit / Loss as TFN (€) (2,198,790, 2,703,005, 3,272,250) 
Table D. 2 : Fuzzy Cash Flow Statement of Plant-A 
FUZZY CASH FLOW STATEMENT 0. Period 1. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 529,389 444,216 616,714 
Depreciation (€) 698,000 663,660 732,340 
VAT Payable (€) -199,798 -179,108 -220,883 
Cash Flow From Investment Activities 
Wind Farm Investment (€) -6,980,000 -7,323,400 -6,636,600 
Net Cash Flow (€) -6,980,000 -7,323,400 -6,636,600 1,027,591 928,768 1,128,171 
Net Cash Flow as TFN (€) (-7.323.400, -6.980.000, -6.636.600) (928,768, 1,027,591, 1,128,171) 
 
FUZZY CASH FLOW STATEMENT 2. Period 3. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 586,195 489,385 686,239 645,915 536,633 759,672 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT Payable (€) -210,232 -187,405 -233,653 -221,201 -196,083 -247,141 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
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Net Cash Flow (€) 1,073,964 965,641 1,184,926 1,122,714 1,004,210 1,244,871 
Net Cash Flow as TFN (€) (965,641, 1,073,964, 1,184,926) (1,004,210, 1,122,714, 1,244,871) 
 
FUZZY CASH FLOW STATEMENT 4. Period 5. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 708,695 586,052 837,230 774,691 637,744 919,143 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT Payable (€) -232,732 -205,160 -261,386 -244,854 -214,654 -276,431 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,173,963 1,044,553 1,308,184 1,227,838 1,086,750 1,375,052 
Net Cash Flow as TFN (€) (1,044,553, 1,173,963, 1,308,184) (1,086,750, 1,227,838, 1,375,052) 
 
FUZZY CASH FLOW STATEMENT 6. Period 7. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 844,067 691,813 1,005,652 916,992 748,366 1,097,013 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT Payable (€) -257,596 -224,585 -292,321 -270,990 -234,972 -309,101 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,284,471 1,130,888 1,445,671 1,344,002 1,177,053 1,520,252 
Net Cash Flow as TFN (€) (1,130,888, 1,284,471, 1,445,671) (1,177,053, 1,344,002, 1,520,252) 
 
FUZZY CASH FLOW STATEMENT 8. Period 9. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 993,648 807,517 1,193,494 1,074,224 869,386 1,295,380 
Depreciation (€) 698,000 663,660 732,340 698,000 663,660 732,340 
VAT Payable (€) -285,070 -245,837 -326,822 -299,870 -257,200 -345,536 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,406,578 1,225,340 1,599,012 1,472,354 1,275,845 1,682,184 
Net Cash Flow as TFN (€) (1,225,340, 1,406,578, 1,599,012) (1,275,845, 1,472,354, 1,682,184) 
 
FUZZY CASH FLOW STATEMENT 10. Period 11. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,158,917 934,096 1,402,969 1,806,337 1,532,705 2,102,452 
Depreciation (€) 698,000 663,660 732,340 0 0 0 
VAT Payable (€) -315,426 -269,086 -365,297 -331,776 -281,517 -386,165 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,541,492 1,328,670 1,770,012 1,474,561 1,251,188 1,716,287 
Net Cash Flow as TFN (€) (1,328,670, 1,541,492, 1,770,012) (1,251,188, 1,474,561, 1,716,287) 
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FUZZY CASH FLOW STATEMENT 12. Period 13. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,899,903 1,603,494 2,222,416 1,998,244 1,677,531 2,349,087 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -348,962 -294,519 -408,199 -367,024 -308,118 -431,465 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,550,941 1,308,974 1,814,217 1,631,219 1,369,413 1,917,622 
Net Cash Flow as TFN (€) (1,308,974, 1,550,941, 1,814,217) (1,369,413, 1,631,219, 1,917,622) 
 
FUZZY CASH FLOW STATEMENT 14. Period 15. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 2,101,602 1,754,966 2,482,835 2,210,232 1,835,954 2,624,054 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -386,009 -322,341 -456,031 -405,961 -337,216 -481,969 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,715,594 1,432,625 2,026,804 1,804,271 1,498,738 2,142,085 
Net Cash Flow as TFN (€) (1,432,625, 1,715,594, 2,026,804) (1,498,738, 1,804,271, 2,142,085) 
 
FUZZY CASH FLOW STATEMENT 16. Period 17. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 2,324,400 1,920,657 2,773,156 2,444,387 2,009,244 2,930,578 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -426,931 -352,774 -509,355 -448,969 -369,045 -538,269 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 1,897,470 1,567,883 2,263,801 1,995,418 1,640,199 2,392,308 
Net Cash Flow as TFN (€) (1,567,883, 1,897,470, 2,263,801) (1,640,199, 1,995,418, 2,392,308) 
 
FUZZY CASH FLOW STATEMENT 18. Period 19. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 2,570,485 2,101,893 3,096,781 2,703,005 2,198,790 3,272,250 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -472,130 -386,062 -568,796 -496,470 -403,859 -601,026 
Cash Flow From Investment Activities 
Wind Farm Investment (€) 
Net Cash Flow (€) 2,098,355 1,715,831 2,527,984 2,206,534 1,794,930 2,671,225 
Net Cash Flow as TFN (€) (1,715,831, 2,098,355, 2,527,984) (1,794,930, 2,206,534, 2,671,225) 
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APPENDIX E.1 
Table E. 1 : Fuzzy Income Statement of Plant-B 
FUZZY INCOME STATEMENT 1. Period 2. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.065 0.06 0.07 0.06825 0.0627 0.07385 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 739,992 675,880 805,303 776,992 706,294 849,595 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 133,199 121,658 144,955 139,859 127,133 152,927 
Total Income (€) 739,992 675,880 805,303 776,992 706,294 849,595 
Operating and Maintenance 
Expenses (€/kWh) 0.0065 0.007 0.006 0.006695 0.007245 0.00615 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 73,999 78,853 69,026 76,219 81,612 70,752 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT to be Paid for Operational 
Expenses (€) 13,320 14,193 12,425 13,719 14,690 12,735 
VAT Value (€) 119,879 107,465 132,530 126,139 112,443 140,192 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 119,879 107,465 132,530 126,139 112,443 140,192 
Total Operating Expenses (€) 467,799 453,299 482,180 470,019 456,058 483,906 
Gross Operating Profit (€) 272,193 222,581 323,123 306,973 250,236 365,689 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 272,193 222,581 323,123 306,973 250,236 365,689 
Corporate Tax (€) 54,439 44,516 64,625 61,395 50,047 73,138 
Net VAT Collected (€) 119,879 107,465 132,530 126,139 112,443 140,192 
VAT Collected (€) 133,199 121,658 144,955 139,859 127,133 152,927 
VAT Paid (€) 13,320 14,193 12,425 13,719 14,690 12,735 
            
Net Profit / Loss (€) 337,633 285,530 391,029 371,717 312,631 432,743 
Net Profit / Loss as TFN (€) (285,530, 337,633, 391,029) (312,631, 371,717, 432,743) 
 
FUZZY INCOME STATEMENT 3. Period 4. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.0716625 0.0655215 0.0779118 0.0752456 0.06847 0.0821969 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 815,841 738,077 896,323 856,634 771,291 945,620 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 146,851 132,854 161,338 154,194 138,832 170,212 
Total Income (€) 815,841 738,077 896,323 856,634 771,291 945,620 
Operating and Maintenance 
Expenses (€/kWh) 0.0068959 0.0074986 0.0063038 0.0071027 0.007761 0.0064613 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 78,506 84,469 72,520 80,861 87,425 74,333 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
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VAT to be Paid for Operational 
Expenses (€) 14,131 15,204 13,054 14,555 15,737 13,380 
VAT Value (€) 132,720 117,650 148,284 139,639 123,096 156,832 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 132,720 117,650 148,284 139,639 123,096 156,832 
Total Operating Expenses (€) 472,306 458,915 485,674 474,661 461,871 487,487 
Gross Operating Profit (€) 343,536 279,162 410,648 381,973 309,420 458,133 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 343,536 279,162 410,648 381,973 309,420 458,133 
Corporate Tax (€) 68,707 55,832 82,130 76,395 61,884 91,627 
Net VAT Collected (€) 132,720 117,650 148,284 139,639 123,096 156,832 
VAT Collected (€) 146,851 132,854 161,338 154,194 138,832 170,212 
VAT Paid (€) 14,131 15,204 13,054 14,555 15,737 13,380 
            
Net Profit / Loss (€) 407,549 340,980 476,803 445,217 370,631 523,338 
Net Profit / Loss as TFN (€) (340,980, 407,549, 476,803) (370,631, 445,217, 523,338) 
 
FUZZY INCOME STATEMENT 5. Period 6. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.0790079 0.0715511 0.0867177 0.0829583 0.0747709 0.0914872 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 899,465 805,999 997,630 944,438 842,269 1,052,499 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 161,904 145,080 179,573 169,999 151,608 189,450 
Total Income (€) 899,465 805,999 997,630 944,438 842,269 1,052,499 
Operating and Maintenance 
Expenses (€/kWh) 0.0073158 0.0080327 0.0066229 0.0075353 0.0083138 0.0067884 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 83,287 90,485 76,192 85,785 93,652 78,097 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT to be Paid for Operational 
Expenses (€) 14,992 16,287 13,715 15,441 16,857 14,057 
VAT Value (€) 146,912 128,792 165,859 154,558 134,751 175,392 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 146,912 128,792 165,859 154,558 134,751 175,392 
Total Operating Expenses (€) 477,087 464,931 489,346 479,585 468,098 491,251 
Gross Operating Profit (€) 422,378 341,068 508,284 464,853 374,171 561,249 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 422,378 341,068 508,284 464,853 374,171 561,249 
Corporate Tax (€) 84,476 68,214 101,657 92,971 74,834 112,250 
Net VAT Collected (€) 146,912 128,792 165,859 154,558 134,751 175,392 
VAT Collected (€) 161,904 145,080 179,573 169,999 151,608 189,450 
VAT Paid (€) 14,992 16,287 13,715 15,441 16,857 14,057 
            
Net Profit / Loss (€) 484,815 401,647 572,486 526,440 434,088 624,391 
Net Profit / Loss as TFN (€) (401,647, 484,815, 572,486) (434,088, 526,440, 624,391) 
 
FUZZY INCOME STATEMENT 7. Period 8. Period 
crisp left right crisp left right 
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AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.0871062 0.0781356 0.096519 0.0914615 0.0816517 0.1018275 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 991,660 880,171 1,110,387 1,041,243 919,779 1,171,458 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 178,499 158,431 199,870 187,424 165,560 210,862 
Total Income (€) 991,660 880,171 1,110,387 1,041,243 919,779 1,171,458 
Operating and Maintenance 
Expenses (€/kWh) 0.0077613 0.0086048 0.0069582 0.0079942 0.008906 0.0071321 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 88,359 96,930 80,049 91,010 100,323 82,050 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT to be Paid for Operational 
Expenses (€) 15,905 17,447 14,409 16,382 18,058 14,769 
VAT Value (€) 162,594 140,983 185,461 171,042 147,502 196,093 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 162,594 140,983 185,461 171,042 147,502 196,093 
Total Operating Expenses (€) 482,159 471,376 493,203 484,810 474,769 495,204 
Gross Operating Profit (€) 509,501 408,795 617,184 556,434 445,010 676,254 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 509,501 408,795 617,184 556,434 445,010 676,254 
Corporate Tax (€) 101,900 81,759 123,437 111,287 89,002 135,251 
Net VAT Collected (€) 162,594 140,983 185,461 171,042 147,502 196,093 
VAT Collected (€) 178,499 158,431 199,870 187,424 165,560 210,862 
VAT Paid (€) 15,905 17,447 14,409 16,382 18,058 14,769 
            
Net Profit / Loss (€) 570,195 468,019 679,208 616,189 503,510 737,096 
Net Profit / Loss as TFN (€) (468,019, 570,195, 679,208) (503,510, 616,189, 737,096) 
 
FUZZY INCOME STATEMENT 9. Period 10. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.0960346 0.085326 0.1074281 0.1008363 0.0891657 0.1133366 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,093,306 961,169 1,235,888 1,147,971 1,004,421 1,303,862 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 196,795 173,010 222,460 206,635 180,796 234,695 
Total Income (€) 1,093,306 961,169 1,235,888 1,147,971 1,004,421 1,303,862 
Operating and Maintenance 
Expenses (€/kWh) 0.008234 0.0092177 0.0073104 0.008481 0.0095403 0.0074932 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 93,740 103,834 84,101 96,552 107,468 86,204 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0.1 0.1 0.1 0.1 0.1 0.1 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT to be Paid for Operational 
Expenses (€) 16,873 18,690 15,138 17,379 19,344 15,517 
VAT Value (€) 179,922 154,320 207,322 189,255 161,452 219,178 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 179,922 154,320 207,322 189,255 161,452 219,178 
Total Operating Expenses (€) 487,540 478,280 497,255 490,352 481,914 499,358 
Gross Operating Profit (€) 605,766 482,889 738,633 657,619 522,507 804,504 
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Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 605,766 482,889 738,633 657,619 522,507 804,504 
Corporate Tax (€) 121,153 96,578 147,727 131,524 104,501 160,901 
Net VAT Collected (€) 179,922 154,320 207,322 189,255 161,452 219,178 
VAT Collected (€) 196,795 173,010 222,460 206,635 180,796 234,695 
VAT Paid (€) 16,873 18,690 15,138 17,379 19,344 15,517 
            
Net Profit / Loss (€) 664,534 540,631 798,228 715,350 579,457 862,782 
Net Profit / Loss as TFN (€) (540,631, 664,534, 798,228) (597,457, 715,350, 862,782) 
 
FUZZY INCOME STATEMENT 11. Period 12. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.1058782 0.0931782 0.1195701 0.1111721 0.0973712 0.1261465 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,205,369 1,049,620 1,375,574 1,265,638 1,096,853 1,451,231 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 216,966 188,932 247,603 227,815 197,434 261,222 
Total Income (€) 1,205,369 1,049,620 1,375,574 1,265,638 1,096,853 1,451,231 
Operating and Maintenance 
Expenses (€/kWh) 0.0087355 0.0098742 0.0076805 0.0089975 0.0102198 0.0078725 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 99,449 111,229 88,359 102,432 115,122 90,568 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational 
Expenses (€) 17,901 20,021 15,905 18,438 20,722 16,302 
VAT Value (€) 199,066 168,910 231,699 209,377 176,712 244,919 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 199,066 168,910 231,699 209,377 176,712 244,919 
Total Operating Expenses (€) 99,449 111,229 88,359 102,432 115,122 90,568 
Gross Operating Profit (€) 1,105,921 938,391 1,287,215 1,163,206 981,731 1,360,663 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 1,105,921 938,391 1,287,215 1,163,206 981,731 1,360,663 
Corporate Tax (€) 221,184 187,678 257,443 232,641 196,346 272,133 
Net VAT Collected (€) 199,066 168,910 231,699 209,377 176,712 244,919 
VAT Collected (€) 216,966 188,932 247,603 227,815 197,434 261,222 
VAT Paid (€) 17,901 20,021 15,905 18,438 20,722 16,302 
            
Net Profit / Loss (€) 1,083,802 919,623 1,261,471 1,139,942 962,096 1,333,450 
Net Profit / Loss as TFN (€) (919,623, 1,083,802, 1,261,471) (962,096, 1,139,942, 1,333,450) 
 
FUZZY INCOME STATEMENT 13. Period 14. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.1167307 0.1017529 0.1330845 0.1225672 0.1063318 0.1404042 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,328,920 1,146,212 1,531,049 1,395,366 1,197,791 1,615,256 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 239,206 206,318 275,589 251,166 215,602 290,746 
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Total Income (€) 1,328,920 1,146,212 1,531,049 1,395,366 1,197,791 1,615,256 
Operating and Maintenance 
Expenses (€/kWh) 0.0092674 0.0105775 0.0080693 0.0095455 0.0109477 0.0082711 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 105,505 119,152 92,832 108,670 123,322 95,153 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational 
Expenses (€) 18,991 21,447 16,710 19,561 22,198 17,128 
VAT Value (€) 220,215 184,871 258,879 231,605 193,404 273,619 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 220,215 184,871 258,879 231,605 193,404 273,619 
Total Operating Expenses (€) 105,505 119,152 92,832 108,670 123,322 95,153 
Gross Operating Profit (€) 1,223,415 1,027,060 1,438,216 1,286,695 1,074,469 1,520,103 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 1,223,415 1,027,060 1,438,216 1,286,695 1,074,469 1,520,103 
Corporate Tax (€) 244,683 205,412 287,643 257,339 214,894 304,021 
Net VAT Collected (€) 220,215 184,871 258,879 231,605 193,404 273,619 
VAT Collected (€) 239,206 206,318 275,589 251,166 215,602 290,746 
VAT Paid (€) 18,991 21,447 16,710 19,561 22,198 17,128 
            
Net Profit / Loss (€) 1,198,946 1,006,519 1,409,452 1,260,961 1,052,980 1,489,701 
Net Profit / Loss as TFN (€) (1,006,519, 1,198,946, 1,409,452) (1,052,980, 1,260,961, 1,489,701) 
 
FUZZY INCOME STATEMENT 15. Period 16. Period 
crisp left right crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.1418868 0.1213422 0.1648684 0.1489812 0.1268026 0.1739362 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 1,615,310 1,366,879 1,896,701 1,696,076 1,428,388 2,001,019 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 290,756 246,038 341,406 305,294 257,110 360,183 
Total Income (€) 1,615,310 1,366,879 1,896,701 1,696,076 1,428,388 2,001,019 
Operating and Maintenance 
Expenses (€/kWh) 0.0104306 0.0121379 0.008907 0.0107435 0.0125627 0.0091297 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 118,747 136,729 102,469 122,309 141,515 105,031 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational 
Expenses (€) 21,374 24,611 18,445 22,016 25,473 18,906 
VAT Value (€) 269,381 221,427 322,962 283,278 231,637 341,278 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 269,381 221,427 322,962 283,278 231,637 341,278 
Total Operating Expenses (€) 118,747 136,729 102,469 122,309 141,515 105,031 
Gross Operating Profit (€) 1,496,563 1,230,149 1,794,231 1,573,766 1,286,873 1,895,988 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 1,496,563 1,230,149 1,794,231 1,573,766 1,286,873 1,895,988 
Corporate Tax (€) 299,313 246,030 358,846 314,753 257,375 379,198 
Net VAT Collected (€) 243,577 202,330 289,181 256,158 211,664 305,613 
VAT Collected (€) 263,724 225,305 306,737 276,910 235,443 323,608 
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VAT Paid (€) 20,147 22,975 17,556 20,752 23,779 17,995 
            
Net Profit / Loss (€) 1,326,139 1,101,572 1,574,432 1,394,640 1,152,394 1,663,893 
Net Profit / Loss as TFN (€) (1,101,572, 1,326,139, 1,574,432) (1,152,394, 1,394,640, 1,663,893) 
 
FUZZY INCOME STATEMENT 17. Period 18. Period 
crisp left right crisp left right 
AEP (kWh/year) 18,974,160 18,774,432 19,173,888 18,974,160 18,774,432 19,173,888 
Sales Price (€/kWh) 0.1418868 0.1213422 0.1648684 0.1489812 0.1268026 0.1739362 
Annual Increase 0.05 0.045 0.055 0.05 0.045 0.055 
Income From Operations (€) 2,692,184 2,278,131 3,161,168 2,826,793 2,380,647 3,335,032 
VAT Ratio 0.18 0.18 0.18 0.18 0.18 0.18 
Collected VAT (€) 484,593 410,064 569,010 508,823 428,516 600,306 
Total Income (€) 2,692,184 2,278,131 3,161,168 2,826,793 2,380,647 3,335,032 
Operating and Maintenance 
Expenses (€/kWh) 0.0104306 0.0121379 0.008907 0.0107435 0.0125627 0.0091297 
Annual Increase 0.03 0.035 0.025 0.03 0.035 0.025 
Operational Expenses (€) 197,912 227,882 170,782 203,849 235,858 175,052 
Depreciation Value (€) 6,980,000 6,636,600 7,323,400 6,980,000 6,636,600 7,323,400 
Rate of Depreciation 0 0 0 0 0 0 
Depreciation (€) 0 0 0 0 0 0 
VAT to be Paid for Operational 
Expenses (€) 35,624 41,019 30,741 36,693 42,454 31,509 
VAT Value (€) 448,969 369,045 538,269 472,130 386,062 568,796 
VAT Remaining (€) 0 0 0 0 0 0 
VAT Payable (€) 448,969 369,045 538,269 472,130 386,062 568,796 
Total Operating Expenses (€) 197,912 227,882 170,782 203,849 235,858 175,052 
Gross Operating Profit (€) 2,494,272 2,050,249 2,990,386 2,622,944 2,144,789 3,159,980 
Financial Expenses (€) 0 0 0 0 0 0 
Tax Rate 0.2 0.2 0.2 0.2 0.2 0.2 
Tax Base (€) 2,494,272 2,050,249 2,990,386 2,622,944 2,144,789 3,159,980 
Corporate Tax (€) 498,854 410,050 598,077 524,589 428,958 631,996 
Net VAT Collected (€) 269,381 221,427 322,962 283,278 231,637 341,278 
VAT Collected (€) 290,756 246,038 341,406 305,294 257,110 360,183 
VAT Paid (€) 21,374 24,611 18,445 22,016 25,473 18,906 
            
Net Profit / Loss (€) 1,466,632 1,205,546 1,758,347 1,542,291 1,261,136 1,858,068 
Net Profit / Loss as TFN (€) (1,205,546, 1,446,632, 1,758,347) (1,261,136, 1,542,291, 1,858,068) 
 
FUZZY INCOME STATEMENT 19. Period 
crisp left right 
AEP (kWh/year) 11,384,496 11,264,659 11,504,333 
Sales Price (€/kWh) 0.1564303 0.1325087 0.1835026 
Annual Increase 0.05 0.045 0.055 
Income From Operations (€) 1,780,880 1,492,666 2,111,075 
VAT Ratio 0,18 0,18 0,18 
Collected VAT (€) 320,558 268,680 379,994 
Total Income (€) 1,780,880 1,492,666 2,111,075 
Operating and Maintenance 
Expenses (€/kWh) 0.0110658 0.0130024 0.009358 
Annual Increase 0.03 0.035 0.025 
Operational Expenses (€) 125,979 146,468 107,657 
Depreciation Value (€) 3,938,000 3,744,460 4,131,540 
Rate of Depreciation 0 0 0 
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Depreciation (€) 0 0 0 
VAT to be Paid for Operational 
Expenses (€) 22,676 26,364 19,378 
VAT Value (€) 297,882 242,316 360,615 
VAT Remaining (€) 0 0 0 
VAT Payable (€) 297,882 242,316 360,615 
Total Operating Expenses (€) 125,979 146,468 107,657 
Gross Operating Profit (€) 1,654,901 1,346,198 2,003,418 
Financial Expenses (€) 0 0 0 
Tax Rate 0.2 0.2 0.2 
Tax Base (€) 1,654,901 1,346,198 2,003,418 
Corporate Tax (€) 330,980 269,240 400,684 
Net VAT Collected (€) 297,882 242,316 360,615 
VAT Collected (€) 320,558 268,680 379,994 
VAT Paid (€) 22,676 26,364 19,378 
      
Net Profit / Loss (€) 1,621,803 1,319,274 1,963,350 
Net Profit / Loss as TFN (€) (1,621,803, 1,621,803, 1,963,350) 
Table E. 2 : Fuzzy Cash Flow Statement of Plant-B 
FUZZY CASH FLOW 
STATEMENT 0. Period 1. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€)       337,633 285,530 391,029 
Depreciation (€)       393,800 374,446 413,154 
VAT Payable (€)       -119,879 -107,465 -132,530 
Cash Flow From Investment Activities             
Wind Farm Investment (€) -3,938,000 -4,131,540 -3,744,460       
            
Net Cash Flow (€) -3,938,000 -4,131,540 -3,744,460 611,554 552,511 671,653 
Net Cash Flow as TFN (€) (-4.131.540, -3.938.000, -3.744.460) (552,511, 611,554, 671,653) 
 
FUZZY CASH FLOW 
STATEMENT 2. Period 3. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 371,717 312,631 432,743 407,549 340,980 476,803 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT Payable (€) -126,139 -112,443 -140,192 -132,720 -117,650 -148,284 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 639,378 574,635 705,705 668,629 597,776 741,673 
Net Cash Flow as TFN (€) (574,635, 639,378, 705,705) (597,776, 668,629, 741,673) 
 
FUZZY CASH FLOW 
STATEMENT 4. Period 5. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 445,217 370,631 523,338 484,815 401,647 572,486 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT Payable (€) -139,639 -123,096 -156,832 -146,912 -128,792 -165,859 
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Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 699,378 621,982 779,660 731,703 647,300 819,781 
Net Cash Flow as TFN (€) (621,982, 699,378, 779,660) (647,300, 731,703, 819,781) 
 
FUZZY CASH FLOW 
STATEMENT 6. Period 7. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 526,440 434,088 624,391 570,195 468,019 679,208 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT Payable (€) -154,558 -134,751 -175,392 -162,594 -140,983 -185,461 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 765,682 673,783 862,153 801,401 701,482 906,901 
Net Cash Flow as TFN (€) (673,783, 765,682, 862,153) (701,482, 801,401, 906,901) 
 
FUZZY CASH FLOW 
STATEMENT 8. Period 9. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 616,189 503,510 737,096 664,534 540,631 798,228 
Depreciation (€) 393,800 374,446 413,154 393,800 374,446 413,154 
VAT Payable (€) -171,042 -147,502 -196,093 -179,922 -154,320 -207,322 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 838,947 730,454 954,157 878,412 760,757 1,004,060 
Net Cash Flow as TFN (€) (730,454, 838,947, 954,157) (760,757, 878,412, 1,004,060) 
 
FUZZY CASH FLOW 
STATEMENT 10. Period 11. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 715,350 579,457 862,782 1,083,802 919,623 1,261,471 
Depreciation (€) 393,800 374,446 413,154 0 0 0 
VAT Payable (€) -189,255 -161,452 -219,178 -199,066 -168,910 -231,699 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 919,895 792,452 1,056,757 884,736 750,713 1,029,772 
Net Cash Flow as TFN (€) (792,452, 919,895, 1,056,757) (750,713, 884,736, 1,029,772) 
 
FUZZY CASH FLOW 
STATEMENT 12. Period 13. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,139,942 962,096 1,333,450 1,198,946 1,006,519 1,409,452 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -209,377 -176,712 -244,919 -220,215 -184,871 -258,879 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
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Net Cash Flow (€) 930,564 785,385 1,088,530 978,732 821,648 1,150,573 
Net Cash Flow as TFN (€) (785,385, 930,564, 1,088,530) (821,648, 978,732, 1,150,573) 
 
FUZZY CASH FLOW 
STATEMENT 14. Period 15. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,260,961 1,052,980 1,489,701 1,326,139 1,101,572 1,574,432 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -231,605 -193,404 -273,619 -243,577 -202,330 -289,181 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 1,029,356 859,575 1,216,083 1,082,563 899,243 1,285,251 
Net Cash Flow as TFN (€) (859,575, 1,029,356, 1,216,083) (899,243, 1,082,563, 1,285,251) 
 
FUZZY CASH FLOW 
STATEMENT 16. Period 17. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,394,640 1,152,394 1,663,893 1,466,632 1,205,546 1,758,347 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -256,158 -211,664 -305,613 -269,381 -221,427 -322,962 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 1,138,482 940,730 1,358,280 1,197,251 984,119 1,435,385 
Net Cash Flow as TFN (€) (940,730, 1,138,482, 1,358,280) (984,119, 1,197,251, 1,435,385) 
 
FUZZY CASH FLOW 
STATEMENT 18. Period 19. Period 
crisp left right crisp left right 
Cash Flow From Operating Activities 
Net Profit / Loss (€) 1,542,291 1,261,136 1,858,068 1,621,803 1,319,274 1,963,350 
Depreciation (€) 0 0 0 0 0 0 
VAT Payable (€) -283,278 -231,637 -341,278 -297,882 -242,316 -360,615 
Cash Flow From Investment Activities             
Wind Farm Investment (€)             
            
Net Cash Flow (€) 1,259,013 1,029,499 1,516,791 1,323,921 1,076,958 1,602,735 
Net Cash Flow as TFN (€) (1,029,499, 1,259,013, 1,516,791) (1,076,958, 1,323,921, 1,602,735) 
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